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ABSTRACT
The b e n t h a l  oxygen  demand a t  a  t h r e e  m e t e r  deep  s i t e  on t h e  
p o l y h a l i n e  York R i v e r ,  V i r g i n i a  was m o n i t o r e d  f rom  March t o  O c t o b e r ,  
1 983 .  S t i r r e d  chambers  w e re  d e p l o y e d  i n  s i t u , and a l a b o r a t o r y  
i n c u b a t i o n  o f  e x t r a c t e d  c o r e s  was u s e d  t o  m e a s u r e  s e d i m e n t  oxygen  
u p t a k e .  Sed im en t  o r g a n i c  c o n t e n t  was m o n i t o r e d  o v e r  t h e  same p e r i o d ,  
and  w a t e r  column n i t r o g e n  and p h o s p h o r u s  was m o n i t o r e d  f rom J u n e  1983 
t o  A p r i l  1984 .  C o r r e l a t i o n s  be tw e e n  s e a s o n a l  f l u c t u a t i o n s  i n  b e n t h a l  
o x y g en  demand, and f l u c t u a t i o n s  i n  n u t r i e n t  l e v e l s  w e re  i n v e s t i g a t e d  
t o  a s s e s s  t h e  d e g r e e  t o  w h ich  b e n t h i c  oxygen  demand was a f u n c t i o n  o f  
n u t r i e n t  l e v e l s .
S ed im en t  oxygen  demand (s.O.D.) r o s e  s i x  f o l d  d u r i n g  A p r i l  and 
d r o p p e d  by t h e  same m a g n i t u d e  d u r i n g  May. The p e r c e n t  t o t a l  o r g a n i c  
c a r b o n  o f  t h e  s e d im e n t  (%T.O.C.)  f o l l o w e d  t h e  same p a t t e r n  o f  change ,  
how ever  t h e  change  i n  c o n c e n t r a t i o n  was a f u l l  o r d e r  o f  m a g n i t u d e .  
T h e r e  was a s t r o n g  (r= .975  and .944)  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  S.O.D .  and %T.O.C. d u r i n g  b o t h  p e r i o d s .  D u r in g  J u n e  t o  
O c t o b e r  no m arked  change  i n  S .O .D .  o r  %T.O.C. o c c u r r e d ,  h o w e v e r ,  t h e  
s m a l l  f l u c t u a t i o n s  i n  b o t h  p a r a m e t e r s  w e re  p o s i t i v e l y  c o r r e l a t e d  
( r = .7 5 9 )  a s  i n  t h e  s p r i n g .
B e n t h i c  oxygen  u p t a k e  was a b o u t  an o r d e r  o f  m a g n i t u d e  g r e a t e r  
d u r i n g  t h e  s p r i n g  t h a n  t h e  t o t a l  oxygen c o n s u m p t io n  o f  t h e  o v e r l y i n g  
w a t e r  co lumn a t  t h i s  s i n g l e  3 m e t e r  deep  s i t e .  R e l a t i v e l y  low b e n t h i  
oxygen  u p t a k e  d u r i n g  t h e  mid  and  l a t e  summer combined  w i t h  e l e v a t e d  
w a t e r  co lumn b i o c h e m i c a l  oxygen  demand r e s u l t e d  i n  an  e q u a l  
c o n t r i b u t i o n  o f  t h e  b e n t h o s  and t h e  w a t e r  column t o  t h e  t o t a l  oxygen  
demand d u r i n g  t h i s  p e r i o d .
D a i l y  a v e r a g e  c o m p o s i t e  w a t e r  s am p les  composed o f  s u b s a m p le s  
c o l l e c t e d  e v e r y  45 m i n u t e s  w ere  a n a l y s e d  f o r  t o t a l  p h o s p h o r u s ,  t o t a l  
n i t r o g e n ,  and  n i t r i t e  p l u s  n i t r a t e .  C o m p o s i t i n g  s am p les  o v e r  24 h o u r  
m i n im i z e d  d i u r n a l  and t i d a l  i n f l u e n c e s .  D a i l y  v a r i a t i o n s  i n  
c o n c e n t r a t i o n  on t h e  o r d e r  o f  50% w ere  t y p i c a l .  T o t a l  n u t r i e n t  l e v e l  
w e re  h i g h e r  d u r i n g  t h e  s p r i n g  and summer t h a n  d u r i n g  t h e  autumn and 
w i n t e r .  N u t r i e n t  l e v e l s  w e re  c o r r e l a t e d  w i t h  c h l o r o p h y l l  c o n t e n t .
The R esponse  o f  B e n t h i c  R e s p i r a t  
t o  N u t r i e n t  L e v e l s
INTRODUCTION
Oxygen a s  a W a te r  Q u a l i t y  P a r a m e t e r
N u t r i e n t  e n r i c h m e n t  a n d  i t s  c o n s e q u e n c e s  h a s  b e co m e  a m a j o r  
c o n c e r n  i n  p r e s e r v i n g  o r  im p ro v in g  t h e  w a t e r  q u a l i t y  o f  t h e  C h es ap ea k e  
Bay s y s t e m .  N u t r i e n t  e n r i c h m e n t  h a s  b e e n  d e s i g n a t e d  among t h e  t h r e e  
m os t  u r g e n t  e n v i r o n m e n t a l  c o n c e r n s  f o r  t h e  C hesapeake  Bay ( U .S .  E . P .A .  
C h es ap ea k e  Bay P rog ram ,  1983) .
N i t r o g e n  and p h o s p h o r u s  e n r i c h m e n t  o f  e s t u a r i n e  s y s t e m s  i n i t i a t e s  
c h a n g e s  i n  o r g a n i s m  a b u n d a n c e s  and w a t e r  q u a l i t y ,  o f t e n  c h a n g i n g  t h e  
d i s s o l v e d  o x y g e n  ( D . O . ) ,  w h i c h  h a s  a l a r g e  i m p a c t  u p o n  b i o t a .  
N u t r i e n t  i m p o v e r i s h m e n t  w i l l  change  t h e  s y s t e m ,  a s  w i l l  e n r i c h m e n t ;  
t h e  l a t t e r  c h a n g e s  s p e c i e s  s u c c e s s i o n  and c a u s e s  oxygen  d e p l e t i o n  i n  
a r e a s  o f  o r g a n i c  a c c u m u l a t i o n  ( C o n n e l l  e t  a l . ,  1 9 8 2 ) .  E u t r o p h i c a t i o n  
g e n e r a l l y  r e s u l t s  i n  m o r e  f r e q u e n t  a n d  p r o n o u n c e d  e p i s o d i c  D.O .  
f l u c t u a t i o n s .  These  f l u c t u a t i o n s  o c c u r  o v e r  b o t h  d i u r n a l  a n d  l o n g e r  
t i m e  p e r i o d s .  When D.O .  d r o p s  b e l o w  c r i t i c a l  l e v e l s  ( S t a t e  W ate r  
C o n t r o l  B o a rd ,  1 9 8 2 ) ,  damage t o  t h e  r e s i d e n t  b i o t a  and c h a n g e s  i n  t h e  
community s t r u c t u r e  t h a t  a r e  g e n e r a l l y  c o n s i d e r e d  u n d e s i r a b l e  r e s u l t .
W ater  q u a l i t y  s t u d i e s ,  b o t h  r e c e n t  ( N e i l s o n ,  1 9 8 1 )  a n d  d e c a d e s  
o l d  (Newcombe a n d  H o r n e ,  1 9 3 8 ) ,  h a v e  shown t h a t  i n  p o r t i o n s  o f  t h e
3C h e s a p e a k e  Bay s y s t e m  d i s s o l v e d  o x y g e n  l e v e l s  p e r i o d i c a l l y  r e a c h  
l e v e l s  t h a t  a r e  d a n g e r o u s l y  low f o r  e s t u a r i n e  b i o t a .  E u t r o p h i c a t i o n ,  
and  t h e  d i s s o l v e d  oxygen  p r o b l e m s  a s s o c i a t e d  w i t h  t h i s  p r o c e s s ,  a r e  
o f t e n  i m p l i c a t e d .
N u t r i e n t  e n r i c h m e n t  c o n t r o l  o f  e p i s o d i c  D.O. f l u c t u a t i o n s  c a n  b e  
o u t l i n e d  i n  a s i m p l e  s c e n a r i o  o f  t h e  oxygen  c y c l e  o f  an  e s t u a r y .
Oxygen e n t e r s  t h e  e s t u a r y  v i a  f o u r  r o u t e s :  d i f f u s i o n  a n d  b u b b l e  
e n t r a i n m e n t  a t  t h e  a i r - w a t e r  i n t e r f a c e ;  a s  d i s s o l v e d  oxygen  w i t h i n  
w a t e r  e n t e r i n g  t h e  s y s t e m ;  a s  a  p r o d u c t  o f  p h o t o s y n t h e s i s ;  and t h r o u g h  
r e d u c t i o n  o f  o x i d i z e d  compounds ( s u c h  a s  s u l f a t e  and  n i t r a t e ) .  Oxygen 
l e a v e s  t h e  e s t u a r y  v i a  f o u r  r o u t e s :  d i f f u s i o n  and  b u b b l i n g  a c r o s s  t h e  
a i r - w a t e r  i n t e r f a c e ;  a s  d i s s o l v e d  oxygen  i n  w a t e r  t r a n s p o r t e d  o u t  o f  
t h e  s y s t e m ;  a e r o b i c  r e s p i r a t i o n ,  a n d  i n  t h e  b i o t i c  a n d  a b i o t i c  
o x i d a t i o n  o f  r e d u c e d  c o m p o u n d s  ( s u c h  a s  d u r i n g  s u l f i d e  and o r g a n i c  
m a t t e r  o x i d a t i o n  and  d u r i n g  n i t r i f i c a t i o n ) .
Growth o f  any o r g a n i s m  i s  l i m i t e d  by :  1)  f i n i t e n e s s  o f  r e s o u r c e s ,  
2 )  k i n e t i c  l i m i t a t i o n s  on r e s o u r c e  m o b i l i z a t i o n ,  a n d  3 )  p r o c e s s e s  o f  
n u t r i e n t  r e g e n e r a t i o n  ( W e b s t e r  e t  a l . ,  1 9 7 5 ) .  S m a l l  a d d i t i o n s  o f  
n u t r i e n t s  i n c r e a s e  o v e r a l l  p r o d u c t i o n ,  w i t h  i n c r e a s e d  b i o m a s s  a t  a n y  
t r o p h i c  l e v e l  ( W e b b ,  1 9 8 1 ) .  T h e  i n c r e a s e d  s t a n d i n g  s t o c k  o f  
p h o t o s y n t h e s i z e r s  a l l o w s  an  e l e v a t i o n ,  as  g r e a t  a s  t o  s u p e r s a t u r a t i o n ,  
i n  D.O .  l e v e l s  d u r i n g  t h e  d a y .  A t  n i g h t ,  h o w e v e r ,  t h e s e  p r i m a r y  
p r o d u c e r s ,  a s  w e l l  a s  h e t e r t r o p h i c  o r g a n i s m s ,  a r e  r e s p i r i n g  a n d  e x e r t  
a  h e a v y  dem and  u p o n  t h e  o x y g e n  r e s o u r c e s .  D i u r n a l  f l u c t u a t i o n  w i t h
4d e p r e s s e d  n o c t u r n a l  D.O .  l e v e l s  r e s u l t .  T h u s ,  w hen  r e s p i r a t i o n  
■ e p i s o d i c a l l y  e x c e e d s  p h o t o s y n t h e s i s ,  o r  t h e  s i t e s  o f  t h e s e  p r o c e s s e s  
a r e  p h y s i c a l l y  s e p a r a t e d ,  t i m e -* t r a n s i e n t  o r  l o c a l i z e d  oxygen  d e p l e t i o n  
can  o c c u r .
Oxygen c o n s u m p t io n  can  o c c u r  w i t h i n  t h e  w a t e r  c o l u m n  o r  a t  t h e  
s e d i m e n t - w a t e r  i n t e r f a c e .  How s t r o n g l y  oxygen  c o n s u m p t io n  o f  t h e s e  
two s y s t e m  components  ( w a t e r  and s e d i m e n t )  i s  i n f l u e n c e d  by  n u t r i e n t  
l e v e l  c h a n g e s  i s  o f  p a r t i c u l a r  c o n c e r n  f o r  s y s t e m s  u n d e r g o i n g  n u t r i e n t  
e n r i c h m e n t .  An e l e v a t i o n  i n  o x y g e n  dem and  w i l l  h a v e  t h e  g r e a t e s t  
e f f e c t  on  s y s t e m s  e x h i b i t i n g  r e d u c e d  D.O.
The R o le  o f  S e d im e n t s  i n  W ate r  Q u a l i t y
P a r t  o f  t h e  w a t e r  c o l u m n  p r i m a r y  p r o d u c t i o n  i s  e a t e n  by 
h e r b i v o r o u s  z o o p l a n k t o n ,  w h i l e  p a r t  s i n k s  d i r e c t l y  t o  t h e  b o t t o m .  
S i n k i n g  p a r t i c l e s  a r e  p a r t l y  decomposed  i n  t h e  w a t e r  co lumn,  b u t  m os t  
d e c o m p o s i t i o n  t a k e s  p l a c e  a t  t h e  s e d i m e n t  w a t e r  i n t e r f a c e  f o r  
e s t u a r i e s  a n d  s h a l l o w  w a t e r  s y s t e m s  ( s e e  f o r  e x a m p le :  N ixon  e t  a l . ,  
1 9 8 0 ;  Kemp and B oyn ton ,  1981 ;  N o v i t s k y ,  1 9 8 3 ) .  T h i s  i s  b e l i e v e d  t o  be  
t h e  c a s e  b e c a u s e  t h e  s e t t l i n g  t i m e  f o r  p h y t o p l a n k t o n  a n d  o r g a n i c  
d e t r i t u s  i s  s h o r t ,  and t h e  s u p p l y  o f  o r g a n i c  m a t t e r  i s  l a r g e .  I n  t h e  
d e e p  o c e a n ,  a p p r o x i m a t e l y  1 - 1 0  p e r  c e n t  o f  t h e  p r i m a r y  p r o d u c t i o n  
r e a c h e s  t h e  deep  o c e a n  ( B i s h o p  e t  a l . ,  1 9 7 8 ) ,  w h e r e a s  b e t w e e n  25 a n d  
60  p e r  c e n t  s i n k s  t o  t h e  b o t t o m  i n  s h a l l o w  w a t e r  ( Z e i t z s c h e l ,  1 9 8 0 ) .  
F u r t h e r  o b s e r v a t i o n s  w h ich  s u p p o r t  t h e  c o n c e p t  o f  t h e  h i g h  n u t r i e n t  
r e g e n e r a t i v e  f u n c t i o n s  o f  t h e  s u r f a c e  s e d i m e n t  a r e  t h e  h i g h
5c o n c e n t r a t i o n s  o f  i n o r g a n i c  n u t r i e n t s  f o u n d  i n  p o r e  w a t e r s  ( M a n h e i m ,  
1976  ; M c C a f f r e y  e t  a l . ,  1 9 8 0 ;  J a h n k e  e t  a l . ,  1 9 8 2 ) .  O r g a n i c  m a t t e r  
s e t t l e s  t o  t h e  s e d i m e n t ,  consumes  oxygen  d u r i n g  i t s  d e g r a d a t i o n ,  a n d  
t h e  i n o r g a n i c  n u t r i e n t s  r e g e n e r a t e d  a r e  i n  p a r t  r e - r e l e a s e d  t o  t h e  
w a t e r  column t o  s t i m u l a t e  f u r t h e r  o r g a n i c  p r o d u c t i o n .
O r g a n i c  r i c h  d e b r i s  g e n e r a t e d  i n  n e a r s h o r e  e u t r o p h i c  a r e a s  and 
d e p o s i t e d  i n  s e d i m e n t s  i s  r e l a t i v e l y  l a b i l e  ( S h o l k o v i t z ,  1 9 7 3 ;  S u e s s ,  
1 9 7 6 ) .  I n  a r e a s  o f  h i g h  s e d i m e n t  a c c u m u l a t i o n  r a t e s ,  t h e  amount o f  
t i m e  r e c e n t l y  d e p o s i t e d  m a t e r i a l  s p e n d s  a t  t h e  s e d i m e n t - w a t e r  
i n t e r f a c e  i s  s h o r t ,  on t h e  o r d e r  o f  days  (Klump and M a r t e n s ,  1 9 8 1 ) .
I t  h a s  b e e n  c o n c l u d e d  t h a t  t h e  u l t i m a t e  c o n t r o l  o f  b e n t h i c  
c o m m u n i t y  m e t a b o l i s m  i s  t h e  s u p p l y  o f  o r g a n i c  c a r b o n  ( A l l e r  a n d  
Y i n g s t ,  1 9 8 0 ;  Kemp a n d  B o y n t o n ,  1 9 8 1 ) .  Kemp a n d  B o y n t o n  ( 1 9 8 1 )  
d e d u c e d  t h a t  p h o t o s y n t h e s i s  l i m i t s  b e n t h i c  r e s p i r a t i o n .  The b a l a n c e  
b e t w e e n  o r g a n i c  s o u r c e s  f o r  t h e  s y s t e m  a n d  t h e  a m o u n t  o f  m a t e r i a l  
o x i d i z e d  w i t h i n  t h e  w a t e r  column g i v e s  t h e  p o t e n t i a l  c a r b o n  a v a i l a b l e  
t o  t h e  s e d i m e n t .
I n  a s h a l l o w  s y s t e m  su ch  a s  t h e  C h esap ea k e  Bay (mean d e p t h  o f  9 
m e t e r s ) ,  t h e  s e d i m e n t - w a t e r  i n t e r f a c e  i s  t h e  m a j o r  s i t e  o f  o r g a n i c  
d e g r a d a t i o n  ( N o v i t s k y ,  1 9 8 3 ) .  D e c o m p o s i t i o n  and o t h e r  b i o l o g i c a l  and 
c h e m i c a l  o x i d a t i o n  o c c u r r i n g  i n  t h e  s e d i m e n t  e x e r t s  a n  o x y g e n  dem and  
u p o n  t h e  s y s t e m .  The  s h a l l o w e r  t h e  w a t e r ,  t h e  g r e a t e r  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  t h e  s e d i m e n t .
6The e x c h a n g e  o f  n u t r i e n t s  and  oxygen a c r o s s  t h e  i n t e r f a c e  i s  o f  
m a j o r  e c o l o g i c a l  i m p o r t a n c e  i n  n e a r  s h o r e  a r e a s .  T h e  b e n t h i c  
c o m m u n i t y  i s  p r o v i d e d  w i t h  o x ygen ,  and t h e  w a t e r  column i s  r e s u p p l i e d  
w i t h  n u t r i e n t s  ( s e e  f o r  e x a m p l e :  B i l l e n ,  197 8  ; N i x o n  e t  a l . ,  1 980  ; 
Z e i t z s c h e l ,  19 8 0 ;  N ixon ,  1981 ;  Van Der L o e f f  e t  a l . ,  1 9 8 1 ) .
N u t r i e n t  e x c h a n g e  b e t w e e n  e s t u a r i n e  s e d i m e n t s  a n d  t h e  w a t e r  
c o l u m n  i s  a d y n a m i c  p r o c e s s .  B e c a u s e  n u t r i e n t s  a r e  e s s e n t i a l ,  
c o n s e r v a t i o n  m echan ism s  h a v e  e v o l v e d  a t  b o t h  p o p u l a t i o n  a n d  s p e c i e s  
l e v e l s  ( O ' N e i l l  e t  a l . ,  1 9 7 5 ) .  T h e r e  i s  a  b a l a n c e  among: t h e  f l u x e s  
a c r o s s  t h e  s e d i m e n t - w a t e r  i n t e r f a c e ,  t h e  w a t e r  c o l u m n  q u a l i t y  a n d  
p r o d u c t i v i t y ,  and t h e  b e n t h i c  community a c t i v i t y  ( H a r g r a v e , 1 9 8 0 ) .  The 
p o s i t i v e  f e e d b a c k  b e tw e e n  n u t r i e n t  r e m i n e r a l i z a t i o n  a n d  b i o l o g i c a l  
a c t i v i t y  i s  v i t a l  t o  t h e  e x i s t i n g  c o m m u n i t y .  U n d e r  m e s o t r o p h i c  
c o n d i t i o n s  p o s i t i v e  f e e d b a c k  s u s t a i n s  t h e  c o m m u n i t y  a c t i v i t y  w h i c h  
w ou ld  o t h e r w i s e  be n u t r i e n t  d e f i c i e n t .
As c o n d i t i o n s  a p p r o a c h  a n  e u t r o p h i c  s t a t e ,  t h e  n u t r i e n t  
c o n s e r v i n g  c h a r a c t e r i s t i c s  o f  t h e  e s t u a r y  a c t  a s  a  p o s i t i v e  f e e d b a c k  
b e t w e e n  d e c o m p o s i t i o n  a n d  p r i m a r y  p r o d u c t i o n .  A d d e d  n u t r i e n t s  
s t i m u l a t e  p r o d u c t i o n .  G r e a t e r  p r o d u c t i o n  p r o v i d e s  more  o r g a n i c  m a t t e r  
t o  s t i m u l a t e  d e g r a d a t i o n .  E l e v a t e d  d e c o m p o s i t i o n  c a u s e s  m o r e  
n u t r i e n t s  t o  b e  a v a i l a b l e .  T h i s  run -aw ay  f e e d - b a c k  l e a d s  t o  a r a p i d  
change  i n  t h e  community .
E f f e c t  o f  S ed im en t  Upon N:P R a t i o s
7The a t o m i c  r a t i o  o f  d i s s o l v e d  n i t r o g e n  t o  p h o s p h o r u s  i n  t h e  o c e a n  
i s  m a i n t a i n e d  r e m a r k a b l y  c l o s e  t o  16 :1  ( R e d f i e l d ,  1 9 3 4 ) .  I n  e s t u a r i n e  
and  c o a s t a l  w a t e r s ,  h o w e v e r ,  t h e  r a t i o  i s  o f t e n  m uch  l o w e r  ( N i x o n  e t  
a l . ,  1 9 8 0  ; N i x o n ,  1 9 8 1 ) .  S i n c e  t h e  n i t r o g e n  t o  p h o s p h o r u s  r a t i o  i n  
c e l l u l a r  m a t e r i a l  i s  m a i n t a i n e d  n e a r  1 6 :1  ( R e d f i e l d ,  1 9 3 4 ) ,  n e a r s h o r e  
a r e a s  w i t h  a N :P  r a t i o  s u b s t a n t i a l l y  l e s s  t h a n  t h i s  a r e  p o t e n t i a l l y  
n i t r o g e n  l i m i t e d  (Kamoto,  1 9 6 6 ) .
As m a t e r i a l  i s  r e m i n e r a l i z e d  w i t h i n  s e d i m e n t ,  d e n i t r i f i c a t i o n  
a l s o  o c c u r s .  T h i s  r e s u l t s  i n  a  r e t u r n  o f  i n o r g a n i c  n u t r i e n t s  t o  t h e  
w a t e r  c o l u m n  w h i c h  i s  a n o m a l o u s l y  low i n  f i x e d  n i t r o g e n  r e l a t i v e  t o  
p h o s p h o r u s  (N ix o n  e t  a l . ,  19 8 0 ;  C a l l e n d a r  a n d  Hammond, 1 9 8 2 ) .  T h i s  
a p p e a r s  t o  b e  r e s p o n s i b l e  f o r  t h e  low  N /P  r a t i o  i n  c o a s t a l  m a r i n e  
w a t e r s  (N ixon  e t  a l . ,  1 9 8 0 ) .
H o p k i n s o n  a n d  W e t z e l  ( 1 9 8 2 )  o b s e r v e d  a r e l e a s e  o f  ammonium,  
n i t r i t e ,  n i t r a t e  and  p h o s p h a t e  f rom  s e d i m e n t s  d u r i n g  t h e  summer,  w h i l e  
d i s s o l v e d  o r g a n i c  n i t r o g e n  was t a k e n  up by t h e  s e d i m e n t s .  For  t h e i r  
s t u d y  s i t e  on  t h e  G e o r g i a  B i g h t  ( a v e r a g e  d e p t h  l e s s  t h a n  10 m e t e r s )  , 
t h e  s e d i m e n t s  r e m i n e r a l i z e d  a b o u t  55% o f  t h e  p r i m a r y  p r o d u c t i o n  w h i l e  
a c c o u n t i n g  f o r  25% o f  t h e  t o t a l  c o m m u n i t y  m e t a b o l i s m .  H e n c e  a 
r e l a t i v e l y  l a r g e  p o r t i o n  o f  t h e  m e t a b o l i s m  i n  s e d i m e n t s  i n v o l v e s  
n u t r i e n t  r e m i n e r a l i z a t i o n .  The  r a t e  o f  d e n i t r i f i c a t i o n  w h i c h  may 
o c c u r  u n d e r  a n o x i c  c o n d i t i o n s  was e s t i m a t e d  a t  4 . 9  mg N / m d ay .  As 
o r g a n i c  m a t t e r  w i t h  a 1 6 : 1  N :P  r a t i o  i s  d e c o m p o s e d  w i t h i n  t h e  
s e d i m e n t ,  i f  p h o s p h o r u s  i s  r e l e a s e d  and a p o r t i o n  o f  i t s  n i t r o g e n  i s  
d e n i t r i f i e d ,  t h e  a t o m i c  r a t i o  o f  t h e  N :P  r e m i n e r a l i z e d  w i l l  b e  l e s s
8t h a n  1 6 : 1 .  As a r e s u l t  o f  d e n i t r i f i c a t i o n  H o p k in s o n  and W e tz e l  ( 1 9 8 2 )  
m e a s u r e d  N:P r e l e a s e  r a t i o s  o f  4 . 8 : 1  f o r  i n o r g a n i c  fo rm s  and 4 . 7 : 1  f o r  
t o t a l  n u t r i e n t  f o r m s .
N u t r i e n t  r e g e n e r a t i o n  t h r o u g h  s e d i m e n t  t h e r e f o r e  b o t h  r e c y c l e s  
t h e  n u t r i e n t s  n e c e s s a r y  t o  m a i n t a i n  t h e  p r o d u c t i v i t y  o f  t h e  s y s t e m ,  
and  i n f l u e n c e s  t h e  a t o m i c  r a t i o  a v a i l a b l e  t o  t h e  w a t e r  column b i o t a .
P u r p o s e
The h y p o t h e s i s  t h a t  t h e r e  i s  a r e l a t i o n s h i p  b e t w e e n  t h e  r a t e  o f  
b e n t h i c  o x y g e n  c o n s u m p t i o n  a n d  t h e  n u t r i e n t  l e v e l  h a s  b e e n  t e s t e d .  
T e s t i n g  t h e  h y p o t h e s i s  h a s  b e e n  a p p r o a c h e d  by m o n i t o r i n g  s e d i m e n t  
oxygen  demand ( S . O . D . )  and  s e e k i n g  t o  e x p l a i n  f l u c t u a t i o n s  i n  s e d i m e n t  
o x y g e n  u p t a k e  r a t e  i n  t e r m s  o f  c h a n g e s  i n  n u t r i e n t  l e v e l  a n d  
b i o l o g i c a l  a c t i v i t y  o f  t h e  w a t e r  column and s e d i m e n t .  C o r r e l a t i o n s  
b e t w e e n  t h e  f l u c t u a t i o n s  w e r e  d e t e r m i n e d  o v e r  b o t h  s e a s o n a l  a n d  
s h o r t e r  ( s e v e r a l  w eeks )  i n t e r v a l s .
T h i s  r e s e a r c h  a d d r e s s e s  t h e  f o l l o w i n g  p o i n t s :  1 )  a d e t a i l e d  
p r o f i l i n g  o v e r  t i m e  o f  t h e  w a t e r  column n i t r o g e n  and p h o s p h o r u s  l e v e l s  
o v e r  a  summer  t h r o u g h  s p r i n g  c y c l e ,  2 ) m e a s u r e m e n t  o f  n i t r o g e n ,  
p h o s p h o r u s  and oxygen  f l u x e s  b e tw e e n  w a t e r  and  s e d im e n t  d u r i n g  mid  and  
l a t e  summer, when b o t t o m  w a t e r  D.O. l e v e l s  a r e  mos t  d e p r e s s e  d ,  3 )  t h e  
c o r r e l a t i o n  b e t w e e n  o x y g en ,  n i t r o g e n ,  and p h o s p h o r u s  f l u x e s  a c r o s s  t h e  
s e d im e n t  s u r f a c e ,  4 )  t h e  r e l a t i o n s h i p  b e tw e e n  S . O .D . ,  s e d i m e n t  t o t a l  
o r g a n i c  c a r b o n  a n d  i n  s i t u  r e s p i r a t i o n  r a t e ,  and 5)  t h e  c o r r e l a t i o n
9b e tw e e n  s e d i m e n t  a c t i v i t y ,  a s  m e a s u r e d  by  S . O . D . ;  a n d  w a t e r  c o l u m n  
a c t i v i t y ,  a s  m e a s u r e d  by  b i o c h e m i c a l  o x y g e n  dem and  ( B . O . D . ) ,  
c h l o r o p h y l l  " a " ,  and p h e o p h y t i n  " a "  l e v e l s .
F u r t h e r  q u a n t i t a t i v e  m e a s u r e m e n t s  o f  S . O . D .  a n d  how i t  i s  
a f f e c t e d  by n u t r i e n t  l e v e l s  a r e  o f  i n t e r e s t  f o r  b o t h  w a t e r  q u a l i t y  
m o d e l i n g  and e n v i r o n m e n t a l  management.
MATERIALS AND METHODS
W a t e r  s a m p l e s  f o r  t o t a l  p h o s p h o r u s  ( T . P . ) ,  t o t a l  n i t r o g e n  
( T . N . ) ,  n i t r i t e  p l u s  n i t r a t e  (NO2 NO2 ) and s a l i n i t y  w e re  c o l l e c t e d  w i t h  
a n  a u t o m a t i c  w a t e r  s a m p l e r .  Samples  w e re  drawn e v e r y  45 m i n u t e s ,  and 
d e p o s i t e d  i n  g l a s s  j a r s  p a c k e d  i n  i c e .  S a m p l e s  f r o m  e a c h  24  h o u r  
p e r i o d  w e r e  f i l t e r e d  t h r o u g h  a 0 . 3  mm n y l o n  mesh t o  remove  d e t r i t u s ,  
l a r g e  z o o p l a n k t o n ,  a n d  f r a g m e n t s  o f  m a c r o f a u n a  s u c h  a s  j e l l y f i s h  
t e n t a c l e s .  T hese  32 s u b s a m p l e s  w ere  combined  t o  fo rm  d a i l y  c o m p o s i t e  
s a m p l e s .  C o m p o s i t i n g  t h e  32 s u b - s a m p l e s  m i n i m i z e d  d i u r n a l  a n d  t i d a l  
e f f e c t s .  S a m p l e s  w e r e  p l a c e d  i n  a c i d  w ashed  p l a s t i c  c o n t a i n e r s  and 
f r o z e n  u n t i l  t i m e  o f  a n a l y s i s .  The  p r o c e d u r e  f o r  a c i d  w a s h i n g  
i n v o l v e d  r i n s i n g  w i t h  t a p  w a t e r  t h r e e  t i m e s ,  r i n s i n g  w i t h  50% HC1 
o n c e ,  r i n s i n g  w i t h  d i s t i l l e d  d e i o n i z e d  w a t e r  ( D . I . W . )  t h r e e  t i m e s ,  and 
a i r  d r y i n g .  The  g l a s s  j a r s  a n d  l i d s  w e re  a c i d  w ashed  b e t w e e n  u s e s .  
The i n t a k e  h o s e  and s a m p l i n g  h e a d  ( w h ic h  p r e v e n t s  l a r g e  p a r t i c l e s  f rom  
e n t e r i n g  and c l o g g i n g  t h e  h o s e )  w e re  a c i d  w ashed  w e e k l y .
The a u t o m a t i c  w a t e r  s a m p l e r  was d e p l o y e d  f r o m  t h e  C o a s t  G u a r d  
P i e r  i n  Y o r k t o w n ,  V i r g i n i a ,  f rom A p r i l  27 t o  J u n e  2 7 ,  1983 .  Samples  
w e r e  c o l l e c t e d  a t  t h e  m i d - d e p t h  o f  t h e  8  m e t e r  w a t e r  c o l u m n .  
B e g i n n i n g  J u l y  1 3 ,  1 983 ,  t h e  a u t o m a t i c  w a t e r  s a m p l e r  was d e p l o y e d  f rom 
t h e  V . I . M . S .  p i e r ,  a b o u t  50 m e t e r s  f r o m  t h e  s i t e  w h e r e  a l l  b e n t h i c
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s a m p l e s  w e r e  t a k e n .  Samples  w e re  drawn f rom t h e  mid  d e p t h  o f  t h e  2 . 5  
m e t e r  w a t e r  co lumn.
Grab  s a m p le s  f o r  b i o c h e m i c a l  oxygen  demand ( B . O . D . ) ,  c h l o r o p h y l l  
"a”, and p h e o p h y t i n  " a ” , w ere  t a k e n  f rom  t h e  s u r f a c e .  C o n t a i n e r s  u s e d  
w e r e  t a p  w a t e r  r i n s e d  t h r e e  t i m e s ,  D . I .W .  r i n s e d  t h r e e  t i m e s ,  and  a i r  
d r i e d  b e tw e e n  u s e s .  Samples  f o r  c h l o r o p h y l l  " a "  a n d  p h e o p h y t i n  " a "  
w e r e  c o l l e c t e d  i n  d a r k  b o t t l e s ,  k e p t  c o o l  d u r i n g  t r a n s p o r t ,  f i l t e r e d  
w i t h i n  one h o u r  o f  c o l l e c t i o n  u s i n g  a  G e lm a n  A /E  g l a s s  f i b e r  f i l t e r  
w i t h  2 m is  o f  a  MgCO^ s l u r r y  (10 grams M g C O ^ / l i t e r )  ad d ed  t o  p r e v e n t  a  
c l o g g e d  f i l t e r ,  and  f r o z e n  i m m e d i a t e l y  a f t e r  f i l t e r i n g .
P a r a m e t e r ______  Lab o r a t o r y  Analy t icaJL  T e c h n iq u e
B.O.D.  R eco rd  i n i t i a l  D .O . ,  i n c u b a t e  i n  d a r k  b o t t l e  f o r
f i v e  d ay s  a t  20 C, r e c o r d  f i n a l  D.O. R e s u l t  i s  
e x p r e s s e d  a s  a change  i n  D.O. i n  m g / 1 (ppm ) .  D.O. 
was m e a s u r e d  w i t h  an  a i r  c a l i b r a t e d  s e l f  s t i r r i n g  
membrane t y p e  D.O. p r o b e  and  m e t e r .
NH^, NO2  D i r e c t  a n a l y s i s  on  a T e c h n i c o n  A u t o a n a l y s e r  I I
( T e c h n i c o n  I n d u s t r i a l  S y s te m s ,  1975)
NO2 NO3  A c o l o r o m e t r i c , a u t o m a t e d ,  cadmium r e d u c t i o n  m e th o d
w i t h  an  a u t o a n a l y s e r ( U . S .  E . P . A . , 1 9 79 ;  T e c h n ic o n  
I n d u s t r i a l  S y s t e m s ,  1 9 7 5 ) .
T.N.  A c c o r d i n g  t o  D ' E l i a  ( 1 9 7 7 ) .  T h i s  t e c h n i q u e  i n v o l v ­
ed a p o t a s s i u m  p e r s u l f a t e - N a O H _ d i g e s t i o n  o f  a l l  
n i t r o g e n  fo rm s  t o  NO^. The NO^  was m e a s u r e d  on an 
a u t o a n a l y s e r  ( T e c h n i c o n  I n d u s t r i a l  S y s t e m s ,  1 9 7 5 ) .
T . P .  A c c o r d i n g  t o  U .S .  E . P .A .  ( 1 9 7 4 ,  p .  2 4 9 - 2 6 3 ) .  T h i s
t e c h n i q u e  i n v o l v e d  an  ammonium p e r s u l f a t e  d i g e s t i o n  
o f  a l l  fo rm s  o f  p h o s p h o r u s  t o  o r t h o p h o s p h a t e ,  w h ic h  
was t h e n  m e a s u r e d  c o l o r o m e t r i c a l l y .
C h l o r o p h y l l  " a "  A c c o r d i n g  t o  S t r i c t l a n d  and  P a r s o n s  ( 1 9 7 2 ,  s e c t i o n
and p h e o p h y t i n  " a 11 I V . 3 . V " A u t o m a t e d  e s t i m a t i o n  o f  c h l o r o p h y l l
p i g m e n t s  by f l u o r e s e n c e . "
S a l i n i t y C a l c u l a t e d  f rom c h l o r i n i t y  a s  m e a s u r e d  by a Copen­
h a g e n  w a t e r  c a l i b r a t e d  i n d u c t i o n  s a l i n o m e t e r .
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M o n i t o r i n g  o f  t h e  s e d i m e n t  o x y g e n  demand ( S . O . D , )  and s e d im e n t  
t o t a l  o r g a n i c  c a r b o n  ( T . O . C . )  l e v e l  b egan  i n  March and c o n t i n u e d  i n t o  
O c t o b e r ,  t o  s p a n  t h e  p e r i o d  l e a d i n g  i n t o  and  t h e  p e r i o d  c o r r e s p o n d i n g  
t o  low  b o t t o m  w a t e r  D .O .  l e v e l s .  I n - s i t u  m e a s u r e s  o f  b e n t h i c  
r e s p i r a t i o n  r a t e  w e r e  c o n d u c t e d  t o  o b t a i n  f i e l d  v a l i d a t i o n  f o r  t h e  
l a b o r a t o r y  r e s u l t s .
S . O . D .  w as  i n v e s t i g a t e d  a t  a  l o c a t i o n  15 m e t e r s  f rom t h e  end o f  
t h e  V . I . M . S .  p i e r  i n  t h e  Y o r k  R i v e r  e s t u a r y  a t  a  t h r e e  m e t e r  d e e p  
s i t e .  Two m e thods  w e re  u s e d :  an  i n  s i t u  m e thod  u s i n g  f l u x  ch a m b e r s ,
and a c o r e  e x t r a c t i o n  t e c h n i q u e  i n  w h ich  t h e  s e d im e n t  was h o m o g e n i z e d  
by  s t i r r i n g ,  a n d  a s u b s a m p l e  w a s  p l a c e d  w i t h i n  a B.O.D. b o t t l e  and  
i n c u b a t e d  f o r  f i v e  days  a t  20°C .  Oxygen consumed was c a l c u l a t e d  f r o m  
t h e  d r o p  i n  D . O . ,  a n d  S . O . D .  c a l c u l a t e d  by  n o r m a l i z i n g  f o r  t h e  
q u a n t i t y  o f  s e d i m e n t  u s e d .  V a lu e s  a r e  e x p r e s s e d  i n  mg O2  consumed p e r  
g r a m  s e d i m e n t .  Pamatmat (1 9 6 8 )  s u g g e s t e d  t h a t  t i d e s  i n f l u e n c e  S .O .D .  
Weekly s e d im e n t  s a m p le s  t o  be a n a l y s e d  f o r  S . O . D .  w e r e  c o l l e c t e d  a t  
low t i d e  t o  s t a n d a r d i z e  f o r  any t i d a l  i n f l u e n c e  upon  S.O.D.
S ed im en t  s a m p le s  f o r  S .O .D .  e x p e r i m e n t s  i n  t h e  l a b  w e re  c o l l e c t e d  
u s i n g  2 . 2  cm d i a m e t e r  c l e a r  a c e t a t e  c o r e s .  T h e s e  c o r e s  c o u l d  be 
a t t a c h e d  t o  a f i t t i n g  on t h e  end o f  a  p o l e  w i t h  a o n e - w a y  v a l v e .  An 
i n t a c t  c o r e  w i t h  t h e  o v e r l y i n g  w a t e r  c o u l d  t h u s  be  c o l l e c t e d  f rom  a 
b o a t .  Cores  w e re  c o l l e c t e d  a t  a p p r o x i m a t e l y  w e e k ly  i n t e r v a l s .  C o r e s  
w e re  b r o u g h t  i n t o  t h e  l a b  w h e re  t h e  o v e r l y i n g  w a t e r  was d e c a n t e d .  The 
t o p  2 cms o f  t h e  c o r e  w e r e  h o m o g e n i z e d ,  a n d  a b o u t  3 - 7  g o f  w e t  
s e d i m e n t  w as  p l a c e d  i n t o  a 3 0 0  ml B . O . D .  b o t t l e ,  an d  d i l u t e d  w i t h
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s u r f a c e  w a t e r  f rom t h e  s t u d y  s i t e .  S . O . D .  p e r  g r a m  o f  s e d i m e n t  w as  
i n d e p e n d e n t  o f  t h e  w e i g h t  o f  s am p le  u s e d .  D u p l i c a t e  s a m p le s  r u n  w i t h  
d i f f e r e n t  a m o u n t s  o f  s e d i m e n t  g a v e  t h e  same S . O . D .  p e r  g r a m  o f  
s e d im e n t  o v e r  t h e  r a n g e  o f  3 -7  grams u s e d  i n  t h i s  e x p e r i m e n t .  F e n c h e l  
( 1969)  o b s e r v e d  t h a t  when a n a e r o b i c  s e d i m e n t  was b r o u g h t  i n t o  a e r o b i c  
c o n d i t i o n s ,  a  r a p i d  c h e m i c a l  o x i d a t i o n  o f  t h e  r e d u c e d  s p e c i e s  
r e s u l t e d .  These  i n i t i a l  r e a c t i o n s  w e re  n e a r l y  c o m p l e t e d  a f t e r  30 t o  
45  m i n u t e s .  I n  t h e  p r e s e n t  e x p e r i m e n t  a f t e r  a d d i t i o n  o f  t h e  s e d im e n t  
t o  t h e  B.O.D. b o t t l e ,  a t  l e a s t  o n e  h o u r  e l a p s e d  b e f o r e  a n  i n i t i a l  
oxygen  l e v e l  was r e c o r d e d ,  e l i m i n a t i n g  t h e  e f f e c t  o f  t h e  i n i t i a l  p u l s e  
o f  c h e m i c a l  oxygen  demand. T hese  j a r s  w e r e  i n c u b a t e d  a t  2 0 ° C  f o r  5 
d a y s  a n d  t h e  o x y g e n  c o n s u m e d  d u r i n g  t h i s  p e r i o d  was r e c o r d e d .  The 
d i l u t e n t  w a t e r  was a l s o  i n c u b a t e d ,  and  i t s  B.O.D.  s u b t r a c t e d  f r o m  t h e  
oxygen  consumed in  t h e  j a r s  c o n t a i n i n g  s e d i m e n t .
The r e m a i n d e r  o f  t h e  s e d i m e n t  was w e i g h e d ,  d r i e d  i n  a luminum p an s  
a t  1 0 0 ° C ,  c o o l e d  i n  a d e s i c a t o r ,  and r e - w e i g h e d .  The p e r c e n t  w a t e r  
was c a l c u l a t e d  f rom :
n J U e t  W t . ) - ( D r y  W t . )  
jt (w^ rwi:)
The d r i e d  s e d im e n t  v a s  t h e n  d i g e s t e d  w i t h  10% HC1  i n  p o r c e l a i n  
b o w l s  t o  r e m o v e  i n o r g a n i c  c a r b o n .  A 0 . 2 - 0 . 5  g r a m  p o r t i o n  o f  t h i s  
s e d im e n t  w as t h e n  a n a l y s e d  f o r  % T . 0 . C .  u s i n g  a n  i n d u c t i o n  f u r n a c e .  
T h i s  t e c h n i q u e  i n v o l v e d  p l a c i n g  t h e  s am p le  i n  a c a r b o n - f r e e  p o r c e l a i n  
c r u c i b l e ,  a d d i n g  a g i v e n  q u a n t i t y  o f  q o p p e r  a n d  i r o n  a c c e l e r a t o r  
c h i p s ,  b u r n i n g  t h e  sam ple  a t  2 5 0 0 ° F ,  and c o l l e c t i n g  t h e  r e s u l t a n t  g a s .






The CC> 2  i s  m e a s u r e d  v o l u m e t r i c a l l y  by d i s p l a c i n g  a  l i q u i d .  The volume 
o f  CO2  c o l l e c t e d  i s  u s e d  t o  c a l c u l a t e  t h e  c a r b o n  c o n t e n t  o f  t h e  
s a m p l e .  S t a n d a r d s  o f  BaCO^ w e r e  r u n  t o  a s s e s s  t h e  c a r b o n  r e c o v e r y  
e f f i c i e n c y  o f  t h e  a p p a r a t u s  b e f o r e  a n d  p e r i o d i c a l l y  d u r i n g  t h e  
a n a l y s e s .  C arbon  r e c o v e r y  was b e tw e e n  96 and  102%.
On t h r e e  o c c a s i o n s  c o r e s  p e n e t r a t i n g  d e e p e r  i n t o  t h e  s e d im e n t  
w e re  t a k e n  and  a n a l y s e d  f o r  S . O . D .  a n d  T . O . C .  t o  o b t a i n  a v e r t i c a l  
p r o f i l e  o f  t h e s e  p a r a m e t e r s  w i t h i n  t h e  s e d i m e n t .  Cores  w e re  d i v i d e d  
i n t o  0 - 2 ,  2 - 5 ,  and 5 -10  cm s e g m e n t s .
On t h r e e  o c c a s i o n s  c o r e s  a n d  d i l u t e n t  w a t e r  w e re  i n c u b a t e d  a t  
d i f f e r e n t  t e m p e r a t u r e s  t o  m e a s u r e  t h e  e f f e c t  o f  t e m p e r a t u r e  on  B . O . D .  
and  S .O .D .
T y p i c a l l y ,  d i s s o l v e d  o x y g e n  l e v e l s  r e a c h  t h e i r  m o s t  c r i t i c a l  
l e v e l s  d u r i n g  mid  t o  l a t e  summer ( T a f t ,  1 9 8 2 ) .  D u r in g  t h i s  p e r i o d ,  i n  
s i t u  cham bers  w e r e  u t i l i z e d  t o  m e a s u r e  O2 , T . P . ,  T . N . ,  NH^, NO^ , a n d  
IK^NO^ f l u x e s  b e t w e e n  t h e  s e d im e n t  and t h e  w a t e r .
S .O .D .  cham bers  u s e d  w e r e  c o n s t r u c t e d  o f  p l a s t i c  p i p e  w i t h  a n
i n n e r  d i a m e t e r  o f  30  cm and w a l l s  o f  1 . 2  cm. The t o p  end was s e a l e d
w i t h  .5 cm t h i c k  p l a s t i c  w h i l e  t h e  l i p  on t h e  b o t t o m  was s h a r p e n e d  t o
a l l o w  e a s y  p e n e t r a t i o n  i n t o  t h e  s e d i m e n t .  A f l a n g e  a r o u n d  t h e  o u t s i d e
k e p t  t h e  d e p t h  o f  p e n e t r a t i o n  t o  a c o n s t a n t  8  cm s .  The  c h a m b e r
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e f f e c t i v e l y  i s o l a t e d  9 . 3 6  l i t e r s  o f  w a t e r ,  and  .071 m o f  s e d im e n t  
s u r f a c e .  On t h e  t o p  o f  t h e  chamber  a 12 V.D.C. b i l g e  pump was mounted
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t o  p r o v i d e  a g e n t l e  c i r c u l a t i o n .  By i n v e r t i n g  t h e  cham ber ,  f i l l i n g  
w i t h  w a t e r ,  and e n g a g i n g  t h e  pump, t h e  c i r c u l a t i o n  p a t t e r n  c o u l d  b e  
o b s e r v e d .  The  c i r c u l a t i o n  a p p e a r e d  s u f f i c i e n t  t o  p r e v e n t  an  o x y g en -  
d e f i c i e n t  b o u n d a r y  l a y e r ,  a n d  d i d  n o t  s c o u r  t h e  s e d i m e n t ,  a s  t h i s  
w o u l d  h a v e  a p p e a r e d  a s  t u r b i d  w a t e r  w hen  t h e  s a m p l e s  f o r  n u t r i e n t s  
w ere  d rawn.  W i t h i n  t h e s e  c i r c u l a t i o n  l i m i t s ,  oxygen  u p t a k e  a p p e a r s  t o  
b e  i n d e p e n d e n t  o f  s t i r r i n g  r a t e  (P a m a tm a t ,  1 9 7 7 ) .  The o u t f l o w  o f  t h e  
pump was d i r e c t e d  a c r o s s  t h e  s u r f a c e  o f  an  o x y g e n  p r o b e .  The  t o p  o f  
t h e  c h a m b e r  h a d  a  s m a l l  p o r t  t h r o u g h  w h i c h  w a t e r  s a m p l e s  c o u l d  be  
d r a w n .  U s i n g  a n  a c i d  w a s h e d  50 c c  s y r i n g e ,  w a t e r  s a m p l e s  a t  t h e  
b e g i n n i n g  and t h e  end o f  t h e  i n c u b a t i o n  p e r i o d  w e re  drawn and  a n a l y s e d  
f o r  NH^, NO2 , NO2 NO3 , T . N . ,  and T . P .  T h i s  a l l o w e d  t h e  c a l c u l a t i o n  o f  
n u t r i e n t  f l u x e s  s i m u l t a n e o u s l y  w i t h  oxygen  f l u x e s .
Chambers w e r e  d e p l o y e d  u s i n g  s c u b a  o n :  A p r i l  8 , May 2 6 ,  J u l y  1 ,  
A ugus t  5 ,  A ugus t  2 6 ,  and  O c t o b e r  6 , 1983 .  The 12 V.D .C .  b a t t e r i e s  and 
oxygen  m e t e r s  w e r e  s e t  up  on  t h e  p i e r  d u r i n g  t h e  e x p e r i m e n t .  The 
cham bers  w ere  p u s h e d  i n t o  t h e  s e d im e n t  t o  t h e  d e p t h  o f  t h e  f l a n g e ,  and 
f l u s h e d  f o r  a t  l e a s t  1 0  m i n u t e s  b e f o r e  t h e  s t a r t  o f  t h e  i n c u b a t i o n .  
I n c u b a t i o n s  l a s t e d  a b o u t  70 t o  90 m i n u t e s ,  e x c e p t  t h a t  on  J u l y  1 ,  t h e y  
w e r e  i n c u b a t e d  f o r  o v e r  6  h o u r s  t o  s e e  how t h e  r a t e  o f  o x y g e n  
c o n s u m p t i o n  w o u l d  c h a n g e  o v e r  a  l o n g e r  p e r i o d  o f  t i m e .  At no t i m e ,  
h o w e v e r ,  w as  t h e  D .O .  a l l o w e d  t o  go  b e l o w  60% o f  i t s  i n i t i a l  
c o n c e n t r a t i o n .  A l s o  D.O .  w as  n o t  a l l o w e d  t o  d r o p  be low  1 m g / l ,  a 
p o i n t  a t  w hich  Pamatmat (1 9 7 1 )  o b s e r v e d  a ch an g e  i n  u p t a k e  r a t e .
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C o r e s  i m m e d i a t e l y  a d j a c e n t  t o  t h e  cham bers  w e re  a l s o  t a k e n  and 
m e a s u r e d  f o r  S .O .D .  T h i s  was t o  a l l o w  f o r  a d i r e c t  c o m p a r i s o n  o f  t h e  
f i e l d  and t h e  l a b o r a t o r y  m e a s u r e m e n t s .
S am p l in g  S c h e d u l e
P a r a m e t e r S i t e Dat.e.s
B .O.D. C A p r i l  2 7 ,  ' 8 3  -  J u n e  15 ,  ' 8 3
C h l o r o p h y l l  and A May 2 ,  ' 8 3  -  J u l y  8 , ' 8 3
P h e o p h y t i n  " a ” B J u l y  1 8 ,  ' 8 3  -  A p r i l  9 ,  ' 8 4
S a l i n i t y
S a l i n i t y ,  T . P . ,  T.N.
A A p r i l  2 7 ,  ' 8 3  -  J u n e  1 5 ,  ' 8 3
noI no- A J u n e  1 6 ,  ' 8 3  -  J u n e  2 7 ,  ' 8 3Jm J
B J u l y  1 3 ,  ' 8 3  -  A p r i l  1 3 ,  ' 8 4
S e c c h i  Depth A May 21 ' 8 3  -  J u l y  11 ,  ' 8 3
B J u l y  1 1 ,  ' 8 3  -  A p r i l  1 3 ,  ' 8 4
T e m p e r a t u r e
S .O .D .  ( l a b  m e t h o d ) ,
A March 2 ,  ' 8 3  — S ep t  1 6 ,  ' 8 3
%h2 o ,  % t . o . c . C March 1 4 ,  ' 8 3  -  O c t .  6 , ' 8 3
i n  s i t u  f l u x e s :  o f  0 „ 
02 , NH,,  N02 N0” , N03 ,
C A p r i l  8 , J u l y  1 ,  Aug 56 2 6 ,  Oct 6 , ' 8 3
t T n . , f . P .  2  3  3 C May 2 6 ,  Aug 5 ,  Aug 2 6 ,  Oct  6 , ' 8 3
S i t e  D e s c r i p t  i o n
A An e i g h t  m e t e r  deep  s i t e  a d j a c e n t  t o  t h e  C oas t  G uard  P i e r
i n  Y ork tow n ,  V i r g i n i a  a c r o s s  t h e  r i v e r  f rom s i t e s  B and  C. 
B A 2 . 5  m e t e r  s i t e  a d j a c e n t  t o  V . I . M . S .  p i e r .
C A 3 . 0  m e t e r  s i t e  a b o u t  15 m e t e r s  f rom V . I . M . S .  p i e r .
RESULTS
S ed im en t
L a b o r a t o r y  M easured  S e d im e n t  Oxygen Demand
The  r e s u l t s  o f  t h e  l a b o r a t o r y - m e a s u r e d  s e d i m e n t  oxygen  demand 
( S . O . D . )  a r e  p r e s e n t e d  i n  f i g u r e  1 ( s e e  a l s o  a p p e n d i x  1 ) .  F i g u r e  1 
shows t h e  d a t a  p o i n t s  f o r  e a c h  f i e l d  r e p l i c a t e ,  and  a l i n e  t h r o u g h  t h e  
mean v a l u e  f o r  ea c h  d a t e  s a m p l e d .  S . O . D .  i n c r e a s e d  f r o m  l a t e  M a r c h  
t h r o u g h  A p r i l  p e a k i n g  i n  e a r l y  May. S .O .D .  d e c l i n e d  t h r o u g h o u t  May 
and i n t o  e a r l y  J u n e  a n d  S . O . D .  s t a b i l i z e d  f o l l o w i n g  t h i s  p u l s e  o f  
a c t i v i t y  t h r o u g h  e a r l y  O c t o b e r .  S .O .D .  v a l u e s  i n  l a t e  March ( p r i o r  t o  
t h e  p u l s e  o f  a c t i v i t y )  w e re  t h e  same a s  f o r  mid  J u n e  t o  O c t o b e r .  The
S . O . D .  d u r i n g  A p r i l  a n d  May r e a c h e d  v a l u e s  s i x  t i m e s  t h a t  o b s e r v e d  
p r i o r  t o  o r  f o l l o w i n g  t h i s  p e r i o d .  T h e s e  r e s u l t s  a r e  f o r  a s i n g l e  
s t u d y  s i t e  so  t h e  e x t e n t  t o  w h ic h  t h e  s e a s o n a l  ch a n g e s  w e re  a r e s u l t  
o f  l o c a l  v a r i a t i o n  i s  unknown.
S ed im en t  T o t a l  O r g a n i c  Carbon
S ed im en t  t o t a l  o r g a n i c  c a r b o n  ( T . O . C . )  w a s  m o n i t o r e d  f r o m  l a t e  
M a r c h  t h r o u g h  e a r l y  O c t o b e r  ( f i g u r e  2 ,  a p p e n d i x  1 ) .  The  f i r s t  
m e a s u r e s  o f  T .O .C .  w ere  a r o u n d  0 .2%.  By t h e  s e c o n d  s a m p l i n g ,  on A p r i l  
4 ,  l e v e l s  had  i n c r e a s e d  n e a r l y  an  o r d e r  o f  m a g n i t u d e  w i t h  a mean v a l u e  
o f  1 .44%. O r g a n i c  c a r b o n  l e v e l s  c o n t i n u e d  t o  r i s e  t h r o u g h  A p r i l ,
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p e a k i n g  t h e  f i r s t  w e e k  i n  May w i t h  a v e r a g e  T .O.C .  l e v e l s  j u s t  o v e r  
2 .1%.  T .O .C .  l e v e l  d e c l i n e d  d u r i n g  May,  w i t h  J u n e  t h r o u g h  O c t o b e r  - 
l e v e l s  o f  0 . 2 %.
V e r t i c a l  P r o f i l e  o f  S .O .D .
The  v e r t i c a l  p r o f i l e  o f  S . O . D .  c o n d u c t e d  on t h r e e  o c c a s i o n s  i s  
p r e s e n t e d  i n  f i g u r e  3 .  The h o m o g e n a te  o f  t h e  0 - 2  cm s e c t i o n  o f  t h e  
d e e p  c o r e s  r e v e a l e d  c o n s i d e r a b l e  v a r i a b i l i t y  o v e r  t im e  and  s p a c e .
S .O .D .  o f  t h e  h o m o g e n ized  2 -5  cm s e c t i o n  o f  t h e  c o r e s  e x h i b i t e d  l i t t l e  
t i m e  o r  s p a c i a l  v a r i a b i l i t y ,  a s  d i d  t h e  5 - 1 0  cm s e c t i o n .  T h i s  
i n d i c a t e d  t h a t  t h e  h i g h  a n d  v a r i a b l e  S . O . D .  l e v e l s  o f  t h e  s u r f a c e  
s e d i m e n t  w e r e  n o t  i n d i c a t i v e  o f  t h e  a e r o b i c  o x i d a t i o n  r a t e  d e e p e r  i n  
t h e  s e d i m e n t .  S ed im en t  d e e p e r  t h a n  2 cm e x h i b i t e d  low and r e l a t i v e l y  
u n v a r y i n g  S . O . D .  O x y g e n  u p t a k e  h a s  b e e n  found  t o  be i n d e p e n d e n t  o f  
c o r e  l e n g t h  f rom 2-17  cm ( M a r t i n  and  B e l l a ,  1 9 7 1 ;  F i l l o s  a n d  M o l o f ,  
1 9 7 2 ) .  T h e r e f o r e ,  r e d u c e d  s u b s t a n c e s  b e lo w  a c e r t a i n  d e p t h  no l o n g e r  
d i f f u s e  upward  t o  any s i g n i f i c a n t  e x t e n t ,  and  o x y g e n  b e c o m e s  u s e d  i n  
t h e  u p p e r  l a y e r  (P a m a t m a t ,  1 9 7 7 ) .
E f f e c t  o f  I n c u b a t i o n  T e m p e r a t u r e  on  Oxygen Demand
C h e m i c a l  a n d  b i o l o g i c a l  r e a c t i o n  r a t e s  a r e  o f t e n  i n f l u e n c e d  by 
t e m p e r a t u r e .  O v e r  a c e r t a i n  t e m p e r a t u r e  r a n g e  r e a c t i o n  r a t e s  a r e  
t y p i c a l l y  o b s e r v e d  t o  d o u b l e  f o r  e a c h  10°C  r i s e .  T h i s  wou ld  be an 
i m p o r t a n t  c o n s i d e r a t i o n  i n  e x t r a p o l a t i n g  l a b o r a t o r y  d e t e r m i n e d  S . O . D . s  
t o  f i e l d  m e a s u r e m e n t s  when t h e  r e s p e c t i v e  t e m p e r a t u r e s  d i f f e r e d .
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The c o e f f i c i e n t  Q^q i s  o f t e n  u s e d  t o  d e s c r i b e  t h e  r a t i o  o f  t h e  
r e a c t i o n  r a t e s  o v e r  a  10°C change  i n  t e m p e r a t u r e .  A 0<Q^q<1 i n d i c a t e s  
a  d e c r e a s e d  r a t e  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  A Q i o = 1  i n d i c a t e s  no 
c h a n g e  w i t h  t e m p e r a t u r e .  A Q 1 0  > 1  i n d i c a t e s  an  i n c r e a s e d  r a t e  w i t h  
i n c r e a s i n g  t e m p e r a t u r e .
I n  o r d e r  t o  f o c u s  o n  t h e  r e s p o n s e  o f  S .O .D .  t o  n u t r i e n t  l e v e l s ,  
a l l  l a b o r a t o r y  i n c u b a t i o n s  w ere  c o n d u c t e d  a t  1 9 . 5 - 2 0 . 0 ° C .  On t h r e e  
o c c a s i o n s ,  h o w e v e r ,  h o m o g e n i z e d  s e d im e n t  c o r e s  w ere  s u b - d i v i d e d  and 
i n c u b a t e d  a t  two d i f f e r e n t  t e m p e r a t u r e s ,  t o  o b s e r v e  i f  S . O . D .  was  a 
f u n c t i o n  o f  t e m p e r a t u r e .  T h i s  would  a l l o w  c o m p a r i s o n  o f  l a b o r a t o r y  
d a t a  o b t a i n e d  a t  o n e  t e m p e r a t u r e  w i t h  f i e l d  d a t a  o b t a i n e d  a t  a 
d i f f e r e n t  t e m p e r a t u r e .
On f o u r  o c c a s i o n s :  A u g u s t  3 1 ,  S e p t e m b e r  9 ,  S e p t e m b e r  1 7 ,  a n d  
O c t o b e r  6 , B . O . D .  w as  m e a s u r e d  i n  t h e  l a b  u n d e r  d i f f e r e n t  i n c u b a t i o n  
t e m p e r a t u r e s  ( f i g u r e s  4 - 6 ) .  I f  t h e  r e l a t i o n s h i p  be tw een  r e a c t i o n  r a t e  
a n d  t e m p e r a t u r e  i s  a s  summed t o  be  l i n e a r  o v e r  t h e  sm a l l  t e m p e r a t u r e  
d i f f e r e n c e s  u s e d  i n  t h e  l a b o r a t o r y ,  Q ^ q 8  f o r  t h e  w a t e r  B . O . D .  s a n d
S . O .D . s  can  be c a l c u l a t e d .  W ate r  B .O .D . s  e x h i b i t e d  QjqS o f  3 . 1 3  ( f ro m  
1 9 . 5 - 2 7 . 5 ° C )  f o r  A ugus t  3 1 ,  3 . 1 9  ( f r o m  1 2 . 5 - 1 9 . 3 ° C )  f o r  S e p t e m b e r  9 ,  
3 . 2 8  ( f r o m  1 2 . 0 - 1 9 . 5 ° C )  f o r  Sep tem ber  17 ,  and 1 .2 8  ( f r o m  1 9 . 5 - 2 5 . 0 ° c )  
f o r  O c to b e r  6 .
The mean c o e f f i c i e n t  o f  v a r i a t i o n  (CV) f o r  t h e  normal t e m p e r a t u r e  
r e p l i c a t e  w a t e r  B .O .D . s  l i s t e d  i n  t a b l e  1 w as  3 .4 2 %  w i t h  a s t a n d a r d  
d e v i a t i o n  o f  t h e  CV=3.70%.  None o f  t h e  CVs f o r  t h e  warm and co o l
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B . O . D . s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  " n o r m a l "  t e m p e r a t u r e  
B . O . D .  CVs a t  a l p h a  = 0 . 0 5 .  Thus t h e  p r e c i s i o n  o f  t h i s  t e c h n i q u e  was 
m a i n t a i n e d  o v e r  a l l  t e m p e r a t u r e s  u s e d .
The  s m a l l  r e l a t i v e  e r r o r  i n  t h e  p r e c i s i o n  o f  t h e  w a t e r  B . O . D . s  
i n d i c a t e s  t h a t  t h e  w a t e r ' s  c o n t r i b u t i o n  t o  t h e  p r e c i s i o n  o f  t h e  
l a b o r a t o r y  S .O .D .  t e c h n i q u e  was s m a l l  a t  a l l  t h e  t e m p e r a t u r e s  u s e d .
On t h r e e  o c c a s i o n s :  A u g u s t  3 1 ,  S e p t e m b e r  9 ,  a n d  O c t o b e r  6 , 
s e d i m e n t  was  i n c u b a t e d  a t  d i f f e r e n t  t e m p e r a t u r e s  t o  a s s e s s  t h e  e f f e c t  
o f  i n c u b a t i o n  t e m p e r a t u r e  on S .O .D .  T h re e  r e p l i c a t e s  w e r e  r u n  on ea c h  
d a t e  t o  m e a s u r e  p r e c i s i o n  ( t a b l e  2 ) .  On A u g u s t  31 t h r e e  c o r e s  gave  
QjqS o f  0 . 9 7 , 0 . 9 1 , a n d  1 . 1 5 ;  b a s e d  on 19 .5  and  2 7 . 5 ° C  i n c u b a t i o n s .  On 
S e p t e m b e r  9 t h r e e  c o r e s  g a v e  Q j q s o f  1*93 ,  1 . 2 6 ,  and  0 . 7 7 ;  b a s e d  on 
1 9 . 0  and  1 2 .5 ° C  i n c u b a t i o n s .  On O c t o b e r  6  t h r e e  c o r e s  g a v e  Q ^ q 8  o f  
0 . 4 0 , 0 . 4 3 ,  and 0 . 6 3 ;  b a s e d  on 2 0 . 0  and  2 5 . 0 ° C  i n c u b a t i o n s .  S .O .D .  was 
a f f e c t e d  by  i n c u b a t i o n  t e m p e r a t u r e ,  h o w e v e r  t h e  e f f e c t s  w e r e  n o t  
c o n s i s t e n t .  T h e  d a t a  o b t a i n e d  i n  t h i s  s t u d y  a t  2 0 ° C  c a n n o t  b e  
m e a n i n g f u l l y  c o n v e r t e d  t o  e q u i l i v a n t  v a l u e s  a t  a n o t h e r  t e m p e r a t u r e .
P r e c i s i o n  o f  Lab S ed im en t  Oxygen Demand T e c h n iq u e
To m e a s u r e  t h e  p r e c i s i o n  o f  t h e  l a b o r a t o r y  S . O . D .  t e c h n i q u e ,  on  
f i v e  o c c a s i o n s  d u p l i c a t e s  o f  a hom ogen ized  c o r e  w e re  r u n  ( t a b l e  3 ) .  
For  t h e  d u p l i c a t e s  r u n  a t  1 9 - 2 0 ° C ,  t h e  mean c o e f f i c i e n t  o f  v a r i a t i o n  
w a s  5 . 2 0 ,  w i t h  a SD = 4 . 1 7 .  The S .O .D .  d u p l i c a t e  r u n  a t  1 2 . 5 ° C  was
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s i g n i f i c a n t l y  ( a l p h a = 0 . 0 5 )  more  v a r i a b l e  t h a n  d u p l i c a t e s  r u n  a t  warmer  
t e m p e r a t u r e s .
I f  t h e  v a r i a t i o n  i n  S . O . D .  i s  a s s u m e d  t o  b e  t h e  sum  o f  2 
c o m p o n e n t  v a r i a b l e s ;  t h a t  d u e  t o  v a r i a b i l i t y  o f  t h e  d i l u t e n t  w a t e r ,  
a n d  t h a t  d u e  t o  v a r i a b i l i t y  o f  t h e  s e d i m e n t ,  a n  e s t i m a t e  o f  t h e  
v a r i a b i l i t y  o f  t h e  S . O . D .  c a n  b e  o b t a i n e d .  V a r i a b i l i t y  o f  t h e  
d i l u t e n t  w a t e r  was e s t i m a t e d  a t  3.42% ( f o r  1 9 . 5 - 2 0 , 0 ° C ) . V a r i a b i l i t y  
o f  t h e  s e d i m e n t  p l u s  w a t e r  h a s  b e e n  e s t i m a t e d  t o  be 5.21% ( f o r  1 9 . 5 -  
2 0 . 0 ° C ) .  V a r i a b i l i t y  o f  t h e  s e d i m e n t  p l u s  w a t e r  ( 5 . 2 1 % )  m i n u s  
v a r i a b i l i t y  o f  t h e  w a t e r  ( 3 . 4 2 % )  e q u a l s  t h e  v a r i a b i l i t y  o f  t h e  
s e d i m e n t  (1 .79%) o r  34% o f  t h e  t o t a l .
The  p r e c i s i o n  o f  t h e  l a b  t e c h n i q u e  p r o v e d  t h e r e f o r e  t o  be  q u i t e  
good .  The a c c u r a c y  w i l l  be a s s e s s e d  i n  t h e  n e x t  s e c t i o n  by c o m p a r i s o n  
o f  t h e  l a b o r a t o r y  r e s u l t s  w i t h  i n - s i t u  m e a s u r e d  f l u x e s .
Chamber F l u x e s  o f  Oxygen and N u t r i e n t s
I n - s i t u  c h a m b e r s  m e a s u r e d  f l u x e s  o f  O2 , NH^, NO2 NO2 , NO^, T . P . ,  
a n d  T . N .  ( t a b l e  4 ) .  O x y g e n  f l u x e s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
( g r e a t e r )  A p r i l  8  t h a n  d u r i n g  J u l y - O c t o b e r . Thus w h i l e  S .O .D .  r a t e s  
m e a s u r e d  i n  t h e  l a b o r a t o r y  w e re  i n c r e a s i n g  d u r i n g  A p r i l ,  t h i s  i n - s i t u  
m e a s u r e  c o n f i r m s  t h a t  o x y g e n  f l u x e s  i n t o  t h e  s e d i m e n t  w e r e  a l s o  
g r e a t e r  on A p r i l  8  t h a n  d u r i n g  t h e  summer.
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Ammonia f l u x e s  o u t  o f  t h e  s e d i m e n t  w e r e  s i g n i f i c a n t l y  g r e a t e r  
d u r i n g  May 26 t h a n  d u r i n g  t h e  r e m a i n d e r  o f  t h e  s u m m e r ,  w i t h  t h e  
l o w e s t  v a l u e s  o c c u r r i n g  d u r i n g  O c t o b e r .  T h e r e  was a t o t a l  n i t r o g e n  
f l u x  o u t  o f  t h e  s e d i m e n t  t h r o u g h o u t  t h e  M a y - O c to b e r  s a m p l i n g  p e r i o d ,  
w i t h  o n e  e x c e p t i o n .  The f l u x  o f  ammonia w h ic h  was a lw a y s  o u t  o f  t h e  
s e d i m e n t  was o f  a much g r e a t e r  m a g n i t u d e .  The sum o f  t h e  n o n - a m m o n i a  
n i t r o g e n  f o r m s  m u s t  t h e r e f o r e  be  f l u x i n g  i n t o  t h e  s e d im e n t  d u r i n g  a l l  
p e r i o d s  s a m p l e d .  S i n c e  t h e  m a g n i t u d e  o f  t h e  l ^ N O ^  and NO^ f l u x e s  a r e  
s m a l l  r e l a t i v e  t o  t h e  f l u x e s ,  o r g a n i c  n i t r o g e n  m us t  be d e p o s i t i n g
on t h e  s e d i m e n t .
I n  u t i l i z i n g  i n - s i t u  cham bers  t o  m e a s u r e  f l u x e s ,  Kemp and Boyn ton  
(1 9 8 1 )  d e t a i l e d  two c r i t e r i a !  1)  D.O. c o n c e n t r a t i o n s  s h o u l d  n o t  b e  
a l l o w e d  t o  d e c r e a s e  by more t h a n  2  m g C ^ / l ,  and  2 ) i n c u b a t i o n s  s h o u l d  
c e a s e  when D.O. l e v e l s  r e a c h  3 . 5  m g / l .  T h ese  c r i t e r i a  w ere  a d h e r e d  t o  
i n  t h e  c u r r e n t  s t u d y  w i t h  t h e  e x c e p t i o n  t h a t  on  A ugust  5 a m b ie n t  O2  
l e v e l s  w e re  n e a r  3 . 0  m g / l .  D.O. was m a i n t a i n e d  above  1 p p t , t h e  p o i n t  
a t  w h i c h  P a m a t m a t  ( 1 9 7 1 )  f o u n d  a c h a n g e  i n  t h e  r a t e  o f  b e n t h i c  
r e s p i r a t i o n .  I n  a d d i t i o n ,  i n c u b a t i o n s  w ere  r u n  f o r  an  e x t e n d e d  p e r i o d  
on J u l y  1 t o  m e a s u r e  t h e  e f f e c t  o f  v i o l a t i n g  t h e  f i r s t  c r i t e r i a .
On J u l y  1 ,  t h r e e  cham bers  w e re  i n c u b a t e d  f o r  a b o u t  4 0 0  m i n u t e s .  
The  D .O .  v 8  t i m e  c u r v e  i n d i c a t e d  a l i n e a r  d e c r e a s e  i n  D.O. t h r o u g h o u t  
t h e  4 0 0  m i n u t e s  i n  tw o  o f  t h e  c h a m b e r s  ( f i g u r e  7 ) .  B e n t h i c  
r e s p i r a t i o n  r a t e  may h a v e  d r o p p e d  s l i g h t l y  a f t e r  a b o u t  300 m i n u t e s  i n  
cham ber  number 2 .  The cham bers  e x h i b i t e d  a l i n e a r  change  i n  D.O. f rom 
s e v e n  t o  t h r e e  p p t .  and f o r  t h e  f i r s t  400 m i n u t e s  o f  i n c u b a t i o n .
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A l l  o t h e r  chamber  i n c u b a t i o n s  l a s t e d  a b o u t  70 -90  m i n u t e s .  T h e i r  
D.O. v s  t i m e  c u r v e s  ( n o t  c o n t a i n e d  h e r e i n )  w ere  l i n e a r ,  e x c e p t  f o r  t h e  
f i r s t  few m i n u t e s  w h ic h  o f t e n  i n d i c a t e d  a h i g h e r  o x y g e n  u p t a k e  r a t e .  
T h i s  i s  p r o b a b l y  d u e  t o  t h e  o x i d a t i o n  o f  r e d u c e d  s e d i m e n t  m a t e r i a l  
e n t r a i n e d  i n  t h e  c i r c u l a t i n g  w a t e r .  The  s l o p e  o f  t h e  c u r v e  u s e d  t o  
c a l c u l a t e  O2  f l u x  r a t e s  was t a k e n  a f t e r  t h i s  p e r i o d .
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W a te r  Column
B.O.D.
The t o t a l  community a e r o b i c  m e t a b o l i s m  can  be  m e a s u r e d  a s  o x y g e n  
u p t a k e  v i a  t h e  b i o c h e m i c a l  o x y g e n  demand ( B . O . D . )  t e s t .  Gaudy,  1972 ,  
p r o v i d e s  an  e x c e l l e n t  r e v i e w  o f  t h i s  t e c h n i q u e .
W a t e r  B . O . D . s  ( f i g u r e  8 , t a b l e  1 )  w e r e  1 . 0  t o  1 . 2 5  f rom  l a t e  
March t h r o u g h  A p r i l .  A r a p i d  i n c r e a s e  b eg an  t h e  end o f  A p r i l  p e a k i n g  
t h e  s e c o n d  w e e k  o f  May w i t h  a v a l u e  o v e r  4 . 0 .  One week l a t e r  t h e  
B .O.D.  h a d  f a l l e n  t o  n e a r  1 . 7 .  A s eco n d  r a p i d  r i s e  i n  B.O.D. o c c u r r e d  
i n  m i d - l a t e  J u n e ,  p e a k i n g  n e a r  4 . 0  i n  e a r l y  J u l y .  L e v e l s  d e c l i n e d  
t h r o u g h  t h e  r e m a i n d e r  o f  t h e  summer.
C h l o r o p h y l l  and P h e o p h y t i n  " a "
A m a j o r  component  o f  t h e  w a t e r  column b i o m a s s  i s  p h y t o p l a n k t o n .  
C h l o r o p h y l l  " a " ,  w h i c h  c a n  b e  r e g a r d e d  a s  t h e  k e y  p h o t o s y n t h e t i c  
p i g m e n t ,  h a s  b e e n  w i d e l y  u s e d  a s  a m e a s u r e  o f  p h y t o p l a n k t o n  b i o m a s s .  
C h l o r o p h y l l  i s  t h e  b e s t  i n d e x  f o r  e s t i m a t i n g  a l g a l  b io m a s s  ( C a r l s o n ,  
1983)  .
M e a s u r e s  o f  c h l o r o p h y l l  " a "  a n d  p h e o p h y t i n  " a "  l e v e l s  w e r e  
i n i t i a t e d  j u s t  p r i o r  t o  t h e  p e a k  i n  S . O . D .  ( f i g u r e  9 ) .  C y c l i c  
f l u c t u a t i o n s  w ere  e v i d e n t  t h r o u g h o u t  t h e  p e r i o d  o f  s e d im e n t  s a m p l i n g .  
A 2 -3  f o l d  i n c r e a s e  i n  p ig m e n t  l e v e l  o c c u r r e d  f rom A p r i l  t o  t h e  summer
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m a x im a  i n  e a r l y - m i d  A u g u s t .  L e v e l s  g r a d u a l l y  d e c l i n e d  t h r o u g h  t h e  
au tum n .  L e v e l s  d e c l i n e d  an o r d e r  o f  m a g n i t u g e  f ro m  t h e  summer maximum 
t o  e a r l y  w i n t e r .  Low l e v e l s  l a s t e d  u n t i l  mid  J a n u a r y .  A r e d  t i d e  
( p h y t o p l a n k t o n  b l o o m )  o c c u r r e d  w h i c h  c a u s e d  n e a r l y  a n  o r d e r  o f  
m a g n i t u d e  i n c r e a s e  i n  p i g m e n t  l e v e l s  b e t w e e n  m i d  J a n u a r y  a n d  mid 
F e b r u a r y .  The h i g h  l e v e l s  w ere  s u s t a i n e d  t h r o u g h  March .  C h l o r o p h y l l  
a n d  P h e o p h y t i n  " a ” s a m p l e s  t a k e n  i n  e a r l y  A p r i l ,  a n d  v i s u a l  
o b s e r v a t i o n s  o f  t h e  r e d  t i d e  i n d i c a t e d  t h a t  t h e  b l o o m  w a s  s t i l l  
i n c r e a s i n g .
I l l u m i n a t i o n  and  t e m p e r a t u r e  e x e r t  a m a j o r  i n f l u e n c e  upon p r i m a r y  
p r o d u c t i o n  ( S m i t h ,  1 9 8 0 ) .  The  s e c c h i  d e p t h ,  a  m e a s u r e  o f  t h e  w a t e r  
c l a r i t y  a n d ,  h e n c e ,  an e s t i m a t o r  o f  l i g h t  p e n e t r a t i o n ,  w a s  m e a s u r e d  
( f i g u r e  1 0 ) .  S e c c h i  d e p t h  v a l u e s  o f  n e a r l y  2 m w e re  r e c o r d e d  i n  t h e  
s p r i n g  a n d  l a t e  f a l l .  A g r a d u a l  d e c l i n e  f r o m  May i n t o  J u l y  w a s  
o b s e r v e d .  Summer m i n im a l  l e v e l s  o f  0 . 8  t o  1 . 2  m o c c u r r e d  d u r i n g  J u l y  
t o  S e p te m b e r .  L e v e l s  i n c r e a s e d  t h r o u g h  t h e  au tum n.
T e m p e r a t u r e  b e g a n  t o  r i s e  i n  e a r l y  M a r c h .  A f a i r l y  s t e a d y  
i n c r e a s e  o c c u r r e d  d u r i n g  March t o  J u n e .  The t e m p e r a t u r e  l e v e l e d  o f f  
a t  2 7 -2 9 ° C  t h r o u g h  t h e  summer ( f i g u r e  1 1 ) .
T o t a l  P h o s p h o ru s
D a i l y  and s e a s o n a l  f l u c t u a t i o n s  i n  t o t a l  p h o s p h o r u s  w ere  o b s e r v e d  
( f i g u r e  1 2 ) .  D a i l y  v a r i a t i o n  o f  30-50% was n o t  uncommon. S e a s o n a l l y ,  
T . P .  i n c r e a s e d  f rom a b o u t  0 . 0 5  m g / l  i n  mid  J u n e  t o  0 . 1 1  mg/ 1 i n  e a r l y
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A u g u s t .  T . P .  t h e n  d e c l i n e d  t h r o u g h o u t  A u g u s t ,  r e a c h i n g  a 
c o n c e n t r a t i o n  o f  a b o u t  0 . 0 5  m g / l .  F o l l o w i n g  a one  week i n c r e a s e  t o  
0 . 0 7  m g / l ,  a  d e c l i n e  i n  T . P .  f o l l o w e d ,  t e r m i n a t i n g  a t  t h e  e n d  o f  
December w i t h  a c o n c e n t r a t i o n  o f  a b o u t  0 . 0 3  m g / l ,  w h ic h  c o n t i n u e d  i n t o  
F e b r u a r y .
T o t a l  N i t r o g e n
T o t a l  n i t r o g e n  ( f i g u r e  13) f o l l o w e d  t h e  same d a i l y  a n d  s e a s o n a l  
t r e n d s  a s  T . P .  O t h e r  t h a n  b e i n g  o n  a s c a l e  on e  o r d e r  o f  m a g n i t u d e  
g r e a t e r  t h a n  T . P . ,  t h e  o n l y  o t h e r  m a j o r  v a r i a t i o n  b e t w e e n  T . N .  a n d  
T . P .  i s  t h a t  t h e  c o n c e n t r a t i o n  o f  T.N.  i n  e a r l y  F e b r u a r y  i s  s l i g h t l y  
e l e v a t e d  r e l a t i v e  t o  t h e  J a n u a r y  l e v e l .
NO2NO3
With t h e  e x c e p t i o n  o f  o c c a s i o n a l  r e a d i n g s  a p p r o a c h i n g  0 . 0 6  m g / l ,  
NO2 NO2  l e v e l  w a s  n e a r  z e r o  f r o m  m i d  J u n e  t h r u  t h e  e n d  o f  A u g u s t  
( f i g u r e  1 4 ) .  D u r i n g  S e p t e m b e r  a n d  O c t o b e r  t h e  c o n c e n t r a t i o n  
i n c r e a s e d ,  p e a k i n g  a t  a b o u t  0 . 0 8 - 0 . 0 9  m g / l .  L e v e l s  g r a d u a l l y  f e l l  
d u r i n g  November and  December .  L e v e l s  i n  J a n u a r y  and  F e b r u a r y  h o w e v e r  
w e re  h i g h e r ,  f l u c t u a t i n g  f rom  0 . 0 6  t o  0 . 1 3  m g / l .
DISCUSSION
R e l a t i v e  I m p o r t a n c e  o f  S ed im en t  and W ater  Column Oxygen Demand
The i m p o r t a n c e  o f  t h i s  e n t i r e  r e s e a r c h  p r o j e c t  i s  b a s e d  u p o n  t h e  
p r e m i s e  t h a t  b e n t h i c  r e s p i r a t i o n  i s  a  s i g n i f i c a n t  component  o f  t h e  
oxygen  b u d g e t  o f  an e s t u a r y ,  and  h e n c e  any c h a n g e s  i n  i t s  r a t e  w o u l d  
be  e c o l o g i c a l l y  s i g n i f i c a n t .
Oxygen i s  consumed w i t h i n  an  e s t u a r y  w i t h i n  b o t h  t h e  w a t e r  column 
a n d  t h e  s e d i m e n t .  A c o m p a r i s o n  o f  t h e s e  two com ponents  w i l l  i n d i c a t e  
t h e i r  r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  oxygen  demand a t  t h i s  s i t e .  Two 
e x a m p l e  c a l c u l a t i o n s  o f  t h e  r e l a t i v e  c o n t r i b u t i o n s  t o  t h e  t o t a l  w i l l  
be  g i v e n ;  f i r s t  u s i n g  d a t a  f rom  A p r i l  8  and s e c o n d l y  d a t a  f r o m  A p r i l  
2 6 .  B e c a u s e  p h o t o s y n t h e s i s  w h i c h  o c c u r s  u n d e r  i l l u m i n a t e d  i n  s i t u  
c o n d i t i o n s  w i t h i n  t h e  w a t e r  c o l u m n  d o e s  n o t  o c c u r  i n  t h e  d a r k  
i n c u b a t i o n ,  t h i s  c o m p a r i s o n  w i l l  m e a s u r e  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  
t h e  w a t e r  column and t h e  s e d im e n t  t o  t h e  oxygen  demand,  b u t  n o t  t h e i r  
c o n t r i b u t i o n s  t o  t h e  t o t a l  oxygen  b u d g e t  a t  t h i s  s i t e .
I n f o r m a t i o n  n e e d e d :
- 2  -11) C> 2  f l u x  = 264 mg m h r
2)  Ambient  t e m p e r a t u r e  = 10°C
( i n t e r p o l a t e d  f rom A p r i l  1 and A p r i l  9 d a t a  (A p p e n d ix  2 ) )
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3)  W a te r  B .O .D.  = 1 . 2 5  m g / l  a t  20°C f o r  5 days  (120  h o u r s )
( i n t e r p o l a t e d  f rom  A p r i l  4 and  A p r i l  18 d a t a  ( T a b l e  1 ) )
4 )  f o r  w a t e r  B . O . D . s  = 3 . 2 8  
( B a s e d  on  A ugus t  3 1 ;  1 2 . 5 - 1 9 ,0°C )
5)  Mean w a t e r  d e p t h  -  3 . 0  m
C a l c u l a t i o n s :
2
1)  W ate r  column o v e r  1 m o f  s e d i m e n t
=(3  m) x (1 m2 ) =(3 m3 ) x (1000  l /m 3 ) = 3000 1
2)  B . O . D ^ qO^ , o f  1 . 2 5  m g / l / 5  d ays  = B .O .D .^ q O^ , o f  .381 m g / l / 5  d ays
f o r  a  Q1q o f  3 . 2 8
( . 3 8 1  m g / l ) / 5  days  x (5  d a y s / 1 2 0  h o u r s ) x ( 3 0 0 0  l ) =  9 . 5 3  mg 0 2 / h o u r
T h e  r a t i o  b e t w e e n  o x y g e n  c o n s u m e d  i n  t h e  s e d i m e n t  a n d  t h a t
consumed i n  t h e  w a t e r  column was 2 6 4 : 9 . 2 5 .  On A p r i l  8  t h e  s e d i m e n t  
w a s  u s i n g  a b o u t  28 t i m e s  a s  much oxygen  as  t h e  w a t e r  co lumn.  B e n t h i c
r e s p i r a t i o n  was t h e r e f o r e  a m a j o r  f a c t o r  i n  t h e  oxygen  b u d g e t  o f  t h i s
s i t e  f o r  t h e s e  e n v i r o n m e n t a l  c o n d i t i o n s .
D u r i n g  A u g u s t  w a t e r  B . O . D .  a n d  t e m p e r a t u r e  w e r e  h i g h e r ,  a n d  
b e n t h i c  r e s p i r a t i o n  was l o w e r .  An a n a l o g o u s  c a l c u l a t i o n  a s  ab o v e  w i l l  
be  p r e s e n t e d  t o  compare  t h e  c o n t r i b u t i o n s  o f  t h e  w a t e r  and  s e d i m e n t  t o  
t h e  t o t a l  oxy g en  demand a t  t h i s  s i t e  on A ugus t  26 .
I n f o r m a t i o n  n e e d e d :
- 2  -11) © 2  f l u x  = 114 mg m h r
2 )  Ambien t  t e m p e r a t u r e  = 2 7 . 0 ° C  (A p p e n d ix  2)
3 )  W a te r  B.O.D.  = 2 . 7 9  m g / l  a t  20°C f o r  5 days  ( s e e  t a b l e  1)
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4 )  f o r  w a t e r  B . O . D . s  -  3 . 1 3  
( B a s e d  on A u g u s t  3 1 ;  1 9 . 5 - 2 7 . 5 ° C )
5)  Mean w a t e r  d e p t h  = 3 . 0  m
C a l c u l a t i o n s :
2
1) W a te r  co lumn o v e r  1 m o f  s e d im e n t
=(3 m) x (1 m2 ) =(3  m3 ) x (1000  l / m3 ) = 3000 1
2 )  B . 0 .D» 2 qO£ o f  2 . 7 9  m g / l / 5  days  = B.O.D^yO^,  o f  6 . 9 5  m g / l / 5  days
f o r  a Q1q o f  3 . 2 8
( 6 . 9 5  m g / l ) / 5  days  x (5 d a y s /1 2 0  h o u r s ) x ( 3 0 0 0  l ) =  174 mg 0 2 / h o u r  
T h e  r a t i o  b e t w e e n  o x y g e n  c o n s u m e d  i n  t h e  s e d i m e n t  a n d  t h a t  
consumed i n  t h e  w a t e r  column was 1 1 4 : 1 7 4 .  On A u g u s t  26 t h e  b e n t h i c  
r e s p i r a t i o n  was s t i l l  a  s i g n i f i c a n t  component  o f  t h e  oxygen  b u d g e t  o f  
t h i s  s i t e  b u t  n o t  n e a r l y  a s  d om inan t  as  d u r i n g  A p r i l .
D i r e c t  and I n d i r e c t  C au s es  o f  S .O .D .
E x p l a n i n g  o f  t h e  f l u c t u a t i o n s  i n  S . O . D .  i n  t e r m s  o f  n u t r i e n t  
c o n c e n t r a t i o n  w a s  a p p r o a c h e d  by  d i s t i n g u i s h i n g  b e t w e e n  d i r e c t  and  
i n d i r e c t  r e l a t i o n s h i p s .  The  s e a s o n a l  c h a n g e s  o b s e r v e d  i n  S . O . D .  
( f i g u r e  1 )  c o r r e l a t e d  c l o s e l y  w i t h  s e d im e n t  % T.0 .C .  ( f i g u r e  2 ) .  The 
c o - o c c u r r e n c e  o f  t h e  u n i q u e  s e a s o n a l  f l u c t u a t i o n  o f  t h e  two p a r a m e t e r s  
s u g g e s t s  t h a t  o r g a n i c  c a r b o n  d i r e c t l y  a f f e c t s  b e n t h i c  r e s p i r a t i o n .  
The o b s e r v e d  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  S .O .D .  a n d  o r g a n i c  c o n t e n t
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i s  c o n t r a r y  t o  t h e  r e s u l t s  o f  Pamatmat  and  Banse  (19 6 9 )  and  E dbe rg  and  
H o f s t e n  ( 1 9 7 3 ) .  E v a l u a t i n g  t h e  i n d i r e c t  c a u s e s  w i l l  i n v o l v e  
e x p l a i n i n g  t h e  r e l a t i o n s h i p  b e tw e e n  s e d i m e n t  %T.0 .C .  and w a t e r  column 
n u t r i e n t  l e v e l  and  b i o l o g i c a l  a c t i v i t y .
R e l a t i o n s h i p  Be tw een  S .O .D .  and S e d im e n t  % T.0 .C .
S .O .D .  e x p r e s s e d  a s  a  f u n c t i o n  o f  % T . 0 . C .  r e v e a l s  a  p o s i t i v e  
l i n e a r  c o r r e l a t i o n  b e t w e e n  t h e  two p a r a m e t e r s  ( f i g u r e  15) t h r o u g h o u t  
t h e  M a r c h - O c to b e r  s t u d y .  B e c a u se  t h e  s e d i m e n t  a c t i v i t y  i n  t h e  s p r i n g  
w a s  so  m a r k e d l y  d i f f e r e n t  t h a n  d u r i n g  t h e  r e m a i n d e r  o f  t h e  s t u d y ,
S .O .D .  v s  %T.0 .C .  i s  e x p r e s s e d  f o r  t h e  two p e r i o d s ;  March-May ( f i g u r e  
1 6 ) ,  a n d  J u n e - O c t o b e r  ( f i g u r e  1 7 ) .  E x p r e s s i n g  t h e s e  two p e r i o d s  
s e p e r a b l y  a l l o w e d  r e f i n e m e n t  o f  t h e  J u n e - O c t o b e r  d a t a .
W h i l e  t h e  s e d i m e n t  a c t i v i t y  o f  t h e  tw o p e r i o d s  w as  m a r k e d l y  
d i f f e r e n t ,  c o m p a r i s o n  o f  f i g u r e s  15 a n d  16 r e v e a l e d  t h a t  s e d i m e n t  
e x h i b i t e d  a s i m i l i a r  a c t i v i t y  r e l a t i v e  t o  t h e  o r g a n i c  c o n t e n t .
B e c a u se  S .O .D .  c o r r e l a t e d  so  s t r o n g l y  w i t h  o r g a n i c  c o n t e n t ,  a  
b e t t e r  u n d e r s t a n d i n g  o f  t h e  n a t u r e  o f  t h e  o r g a n i c  m a t e r i a l  i s  n e e d e d  
t o  u n d e r s t a n d  t h e  dynam ics  o f  t h e  S .O .D .
N a t u r e  o f  S e d im e n t  O r g a n i c  M a t t e r
I n  a f u r t h e r  a t t e m p t  t o  a n a l y s e  t h e  n a t u r e  o f  t h e  p u l s e  o f  
o r g a n i c  m a t t e r  s e e n  i n  A p r i l - M a y ,  t h e  p e r c e n t a g e  o f  t h e  t o t a l  amount
o f  o r g a n i c  c a r b o n  o x i d i z e d  i n  5 d ay s  was c a l c u l a t e d .  I f  a r e s p i r a t o r y  
c o e f f i c i e n t  o f  1 . 0  i s  a s s u m m e d  ( N i x o n  e t  a l . ,  1 9 8 0 ) ,  t h e  % T . 0 .C .  
o x i d i z e d  can  be  c a l c u l a t e d  f rom :
n • j  • ■ mo l e s C b u r n e d  a. m n vo f  T .O .C .  o x i d i z e d -   -----   -7 7 - 7 - 7  * 100%m o les  C a v a i l a b l e
mo 1 e s  On u s e d  ' * ■ 1 0 0 7  •£ d n —i n
= — 7  - 2 - - — 1 7 - 7 7  -  100% i f  R.Q. = 1 . 0m o l e s  C a v a i l a b l e
( 0 ^ D ^_ in _ m g  0 « / g r _ s e d  ) l _ m o l e _ 0 2 _
_ _ I000_mg7gr * _16 gr_0«_
i T l L S I I i i J  I~ m oIe_C  ”
100 g r  s e d .  12 g r  C
The r e s u l t s  ( f i g u r e  18) show t h a t ,  f o r  i n d i v i d u a l  s a m p l e s ,  t h e  
p e r c e n t  o x i d i z e d  a t  20°C i n  5 days  r a n g e d  f rom  a b o u t  0 . 1  t o  n e a r  0.5% 
t h r o u g h o u t  t h e  s a m p l i n g  p e r i o d .  The  m e a n  v a l u e  f o r  e a c h  s a m p l i n g  
r a n g e d  f rom 0 . 2  t o  0 , 3  d u r i n g  a l l  p e r i o d s  e x c e p t  A p r i l  and  May, d u r i n g  
w h i c h  t i m e  t h e  m e a n  v a l u e s  w e r e  n e a r  0 . 1 5 .  P r o v i d e d  no  n u t r i e n t  
( n i t r o g e n  a n d  p h o s p h o r u s )  l i m i t a t i o n  o c c u r r e d  d u r i n g  t h i s  t e c h n i q u e  
c an  be u s e d  t o  i n d i c a t e  t h e  b i o l o g i c a l  a v a i l a b i l i t y  o f  t h e  o r g a n i c  
m a t e r i a l  f o r  t h e s e  i n c u b a t i o n  c o n d i t i o n s .  W hi le  t h e  q u a n t i t y  o f  t h e  
o r g a n i c  m a t t e r  ch an g e d  an  o r d e r  o f  m a g n i t u d e  d u r i n g  t h e  s p r i n g  ( f i g u r e
2 ) ,  t h e  r e l a t i v e  b i o l o g i c a l  a v a i l a b i l i t y  changed  o n l y  a b o u t  two f o l d .
T h e re  a r e  t h e o r e t i c a l l y  2 ways i n  w h ic h  t h e  i n c r e a s e  i n  o r g a n i c  
l e v e l  may h a v e  come a b o u t :
1)  P r o d u c t i o n  o r  i n f l u x  d ro p p e d  o r  r e m a in e d  c o n s t a n t  w h i l e  d e g r a d a t i o n  
d e c r e a s e d  more  r a p i d l y  t h a n  p r o d u c t i o n .
2 )  P r o d u c t i o n  o r  i n f l u x  i n c r e a s e d  r a p i d l y  r e l a t i v e  t o  d e g r a d a t i o n .
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S i n c e  S . O . D .  c o r r e s p o n d i n g l y  i n c r e a s e d  d r a m a t i c a l l y  d u r i n g  t h i s  
p e r i o d ,  e x p l a n a t i o n  #1 d o e s  n o t  a p p e a r  l i k e l y .  An i n c r e a s e  i n  
i n o r g a n i c  l e v e l s  c a n  h a v e  t w o  s o u r c e s ;  p r o d u c t i o n  w i t h i n  t h e  
s e d i m e n t ,  o r  i n f l u x  f ro m  t h e  w a t e r  co lumn.
E f f e c t  o f  I n f a u n a  on S e d im e n t  O r g a n i c  Carbon
The i n f a u n a  o f  t h i s  a r e a  h a s  b e e n  s t u d i e d  a b o u t  30 m e t e r s  f r o m  
t h e  s i t e  u s e d  f o r  t h e  c u r r e n t  r e s e a r c h  ( D i a z ,  1984 i n  p r e s s ) .  The 
s i t e ,  s a m p l e d  w e e k l y  f r o m  9 - 7 - 7 9  t o  1 - 5 - 8 2  d o c u m e n t e d  a n  a n n e l i d  
d r i v e n  c o m m u n i t y  i n  t h i s  s o f t - b o t t o m  ( m u d d y  s a n d )  p o l y h a l i n e  
e n v i r o n m e n t .  D iaz  n o t e d  t h a t  s e v e n  a n n e l i d s  d o m i n a t e  t h e  c o m m u n i t y .  
I n  o r d e r  o f  d o m i n a n c e  t h e y  a r e :  T u b i f i c o i d e s  s p p . ,  S t r e b l o s p i o
b e n e d i c t i , Mediom a s t u s  am bi s e t  a  . H e t e r o m a s t u s  f  i  1 i f  o r m i s  , P o l y d o r a  
l i g n i . N e r e i s  s u c c i n e a . G l v c i n d e  s o l i t a r i a .
F i v e  o f  t h e  s e v e n  d o m i n a n t  a n n e l i d s  e x h i b i t e d  p e r i o d i c i t y  i n  
n u m b e r  f r o m  y e a r  t o  y e a r .  Two o f  t h e s e  f i v e ,  H. f i l i f o r m i s  and S. 
b e n e d i c t i  e x h i b i t e d  a n  i n c r e a s e  o f  g r e a t e r  t h a n  t w o  o r d e r s  o f  
m a g n i t u d e  i n  t h e  n u m b e r  o f  i n d i v i d u a l s  d u r i n g  A p r i l - M a y .  T h i s  
c o r r e s p o n d s ,  b o t h  i n  d u r a t i o n  and  t i m e  o f  y e a r  t o  t h e  p u l s e  i n  S . O . D .  
and % T.0 .C .  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y .
The  m a c r o f a u n a  c o u l d  h a v e  i n c r e a s e d  t h e  o r g a n i c  c o n t e n t  o f  
s u r f a c e  s e d im e n t  v i a  f o u r  m e c h a n i s m s :  t h e i r  own s e c o n d a r y  p r o d u c t i o n ;
s t i m u l a t i n g  t h e  s e c o n d a r y  p r o d u c t i o n  o f  o t h e r  o r g a n i s m s ;  b i o t u r b a t i o n
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o f  o r g a n i c  m a t t e r  b u r i e d  i n  t h e  s e d i m e n t ;  o r  e n h a n c i n g  t h e  a d d i t i o n  o f  
c a r b o n  f rom t h e  w a t e r  co lumn.
An i n c r e a s e  i n  m a c r o f a u n a l  a b u n d a n c e  may s t i m u l a t e  m i c r o b i a l  
a c t i v i t y  ( Y i n g s t  a n d  R h o a d s ,  1 9 8 0 ) .  W r i g h t  a n d  H o b b i e  ( 1 9 6 6 )  
c o n c l u d e d  t h a t  b a c t e r i a  w e r e  t h e  p r e d o m i n a n t  consum ers  o f  d i s s o l v e d  
o r g a n i c  s u b s t a n c e s  p r e s e n t  i n  low ( n a n o m o l a r )  n a t u r a l  c o n c e n t r a t i o n s .  
S m i t h  e t  a l .  ( 1 9 7 2 )  f o u n d  b a c t e r i a  a c c o u n t e d  f o r  1 /3  t o  1 / 2  o f  t h e  
t o t a l  r e s p i r a t i o n  f o r  m a r i n e  s e d i m e n t s .  S m i th  e t  a l .  ( 1 9 7 2 )  f o u n d  t h e  
c o n t r i b u t i o n  o f  t h e  m a c r o f a u n a  and m e i o f a u n a  t o  b e  n e g l i g i b l e  r e l a t i v e  
t o  t h a t  o f  t h e  b a c t e r i a  and  m i c r o . f a u n a - m i c r o f  l o r a . T h a t  m a c r o f a u n a  
a c c o u n t  f o r  a s m a l l  f r a c t i o n  o f  t h e  t o t a l  b e n t h i c  r e s p i r a t i o n  h a s  b e e n  
c o n f i r m e d  i n  numerous  s t u d i e s  ( s e e  f o r  exa m p le :  C a r e y ,  1967 ; S m i t h  e t  
a l . ,  1 9 7 2 ) .
I f  m i c r o b i a l  and m a c r o f a u n a l  b io m a s s  c o n s t i t u t e d  a m a j o r  p o r t i o n  
o f  t h e  t o t a l  o r g a n i c  m a t e r i a l  w i t h i n  t h e  s e d i m e n t ,  i t  m us t  h a v e  b e e n  
r e f r a c t i v e ,  a s  o n l y  0 . 1  t o  0.3% o f  t h e  t o t a l  was o x i d i z e d  i n  5 days  a t  
2 0 ° C .  L a b i l e  m a t t e r  w o u l d  b e  e x p e c t e d  t o  b e  o x i d i z e d  t o  a m uch  
g r e a t e r  e x t e n t  t h a n  o b s e r v e d  i n  t h i s  s t u d y  (G audy ,  1 9 7 2 ) .
B i o t u r b a t i o n  o f  b u r i e d  s e d i m e n t  c o n t a i n i n g  l a b i l e  c a r b o n  b e i n g  
b r o u g h t  up i n t o  t h e  t o p  2 cm was u n l i k e l y .  L a b i l e  c a r b o n  w o u l d  n o t  
p e r s i s t  l o n g  e n o u g h  t o  b e  b u r i e d .  I n  a d d i t i o n  t h e  %T.0 .C .  o x i d i z e d  
f o r  2 -5  and 5 -1 0  cm f r a c t i o n s  o f  d e e p  c o r e s  s h o w e d  no i n c r e a s e  w i t h  
d e p t h  ( f i g u r e  3 ) .  A l l e r  and Y i n g s t  ( 1 9 8 0 )  s i m i l a r i l y  fo u n d  t h a t  t h e
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q u a n t i t y  o f  e a s i l y  u t i l i z a b l e  o r g a n i c  m a t t e r  d e c r e a s e s  r a p i d l y  b e l o w  
t h e  s e d i m e n t  s u r f a c e .
The l a s t  p o t e n t i a l  m e c h a n i s m  o f  t h e  m a c r o f a u n a  e n h a n c e m e n t  o f  
s e d i m e n t  o r g a n i c  c o n t e n t  i s  b i o d e p o s i t i o n .  D i s c u s s i o n  o f  t h i s  t o p i c  
i s  e x c l u d e d  f rom  t h i s  r e p o r t ,  b e c a u s e ,  f o r  t h e  p u r p o s e  o f  t h e  c u r r e n t  
s t u d y ,  t h i s  p r o c e s s  i s  n o t  f u n c t i o n a l l y  d i f f e r e n t  from an en h a n c e d  
s e t t l i n g  r a t e .
W a te r  Column Carbon  S o u r c e s
The q u a n t i t y  o f  b i o l o g i c a l l y  l a b i l e  o r g a n i c  m a t t e r  w i t h i n  t h e  
w a t e r  c o l u m n  w as  m e a s u r e d  a s  5 day B.O.D.  A r a p i d  change  i n  B.O.D. 
w ou ld  o c c u r  i n  r e s p o n s e  t o :  a c h a n g e  i n  p r i m a r y  p r o d u c t i o n ,  o r  a f l u x  
i n t o  o r  o u t  o f  t h e  w a t e r  c o l u m n .  P r i m a r y  p r o d u c t i o n  o c c u r s
p r e d o m i n a n t l y  v i a  p h y t o p l a n k t o n  ( T a f t ,  1 9 8 2 ) .  C h a n g e s  i n  p r i m a r y
;
p r o d u c t i o n  w ou ld  be e x p e c t e d  t o  c o i n c i d e  w i t h  c h a n g e s  i n  c h l o r o p h y l l ,  
l i g h t ,  and  t e m p e r a t u r e  ( S m i t h ,  1 9 8 0 ) .  C h l o r o p h y l l  " a " ,  s e c c h i  d e p t h ,  
and  t e m p e r a t u r e  w e re  m e a s u r e d  i n  t h e  c u r r e n t  s t u d y .
F l u x e s  t o  t h e  w a t e r  co lumn c o u l d  r e s u l t  f rom  a d v e c t i v e  e x c h a n g e s  
o r  f l u x e s  a c r o s s  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  A s m a l l  vo lume o f  
o r g a n i c  r i c h  w a t e r  c o u l d  e n t e r  t h e  e s t u a r y  w i t h o u t  a f f e c t i n g  t h e  
s a l i n i t y .  A l a r g e  v o l u m e  o f  m o d e r a t e l y  o r g a n i c  e n r i c h e d  w a t e r  
e n t e r i n g  t h e  s y s t e m  w o u l d  a l t e r  t h e  s a l i n i t y .  As s a l i n i t y  w a s  
m o n i t o r e d ,  a  p u l s e  o f  f r e s h  w a t e r  f rom t h e  t r i b u t a r i e s ,  o r  a f l u s h i n g  
w i t h  more  s a l i n e  w a t e r  f rom  t h e  bay p r o p e r  w ou ld  be  d e t e c t e d .  A m a jo r
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r e s u s p e n s i o n  o r  d e p o s i t i o n  o f  o r g a n i c  m a t t e r  f rom o r  o n t o  t h e  s e d im e n t  
would  be  e v i d e n c e d  by a change  i n  s e d im e n t  %T.O.C.
The d a t a  a n a l y s i s  t o  t h i s  p o i n t  h a s  c e n t e r e d  on t r e n d s  o c c u r r i n g  
o v e r  t im e  i n t e r v a l s  on t h e  o r d e r  o f  m o n t h s .  The  n e x t  s e c t i o n  w i l l  
f o c u s  on  c h a n g e s  o c c u r r i n g  o v e r  p e r i o d s  o f  days  t o  w eek s .  The March 
t o  O c t o b e r  p e r i o d  w i l l  b e  s u b d i v i d e d  i n t o  t h r e e  i n t e r v a l s .  
R e l a t i o n s h i p s  b e t w e e n  p a r a m e t e r s  f o r  e a c h  i n t e r v a l  w i l l  b e  
i n v e s t i g a t e d r ^ a n d  a n  a n a l y s i s  o f  how t h e s e  r e l a t i o n s h i p s  c h a n g e  i n  
g o i n g  f rom s p r i n g  t o  f a l l  w i l l  be  p e r f o r m e d .
S .O.D. e x h i b i t e d  t h r e e  p e r i o d s  w i t h  c h a r a c t e r i s t i c  o x i d a t i v e  
a c t i v i t y .  The t h r e e  i n t e r v a l s ,  d e l i n e a t e d  by l o c a l  min ima and maxima 
i n  t h e  S.O.D. v s  d a t e  c u r v e ,  a r e :
A) March 29 t h r o u g h  A p r i l  2 9 .
B) A p r i l  30 t h r o u g h  J u n e  6 .
C) J u n e  7 t h r o u g h  O c to b e r  6 .
I n t e r v a l  "A" was c h a r a c t e r i z e d  by  a m a r k e d  i n c r e a s e  i n  S . O . D .  
( f i g u r e  1 9 ) .  D u r i n g  t h i s  f i r s t  i n t e r v a l  S . O . D .  w as  p o s i t i v e l y  
c o r r e l a t e d  w i t h  %T.O.C. and w a t e r  B.O.D. ( t a b l e  5 ) .  T .O .C .  i n c r e a s e d  
an  o r d e r  o f  m a g n i tu d e  d u r i n g  t h i s  p e r i o d  w h i l e  S .O .D .  r o s e  s e v e n  f o l d ,  
r e s u l t i n g  i n  a d e c l i n e  i n  t h e  T .O .C .  o x i d i z e d  i n  5 d a y s .  The  % T . 0 . C .  
showed an i n v e r s e  r e l a t i o n s h i p  w i t h  S .O .D .
I n t e r v a l  " B m w as  c h a r a c t e r i z e d  by a m a r k e d  d e c l i n e  i n  S . O . D .  
( f i g u r e  2 0 ) .  S . O . D .  was p o s i t i v e l y  c o r r e l a t e d  w i t h  %T.0 .C .  and w i t h
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w a t e r  B .O .D.  ( t a b l e  5 ) .  The %T.O.C. o x i d i z e d  was i n v e r s e l y  c o r r e l a t e d  
w i t h  S . O . D .  As i n  t h e  f i r s t  i n t e r v a l ,  t h e  p e r c e n t  ch an g e  i n  S .O .D .“ 
was  l e s s  t h a n  t h e  p e r c e n t  ch an g e  i n  T .O .C .  H ence  t h e  p e r c e n t  o f  t h e  
T . O . C .  o x i d i z e d  i n  5 d a y s  d e c l i n e d .  The  d i r e c t i o n  and  a p p r o x i m a t e  
m a g n i t u d e  o f  t h e  c o r r e l a t i o n s  r e m a i n e d  t h e  same a s  d u r i n g  i n t e r v a l  
"A” . C h l o r o p h y l l  and p h e o p h y t i n  " a "  f l u c t u a t i o n s  d u r i n g  t h i s  i n t e r v a l  
showed no a p p a r e n t  c o r r e l a t i o n  w i t h  S .O .D ,  % T.O .C . ,  o r  B .O.D.
I n t e r v a l  " C ” w as  c h a r a c t e r i z e d  by r e l a t i v e l y  low S .O .D .  ( f i g u r e  
2 1 ) .  The s m a l l  f l u c t u a t o n s  i n  S .O .D .  and  %T.O.C . ,  a s  d u r i n g  t h e  f i r s t  
a n d  s e c o n d  i n t e r v a l s ,  t r a c k e d  e a c h  o t h e r  c l o s e l y  ( t a b l e  5 ) .  The 
r e l a t i o n s h i p  b e tw e e n  S .O .D .  and t h e  % o f  t h e  T . O . C .  o x i d i z e d  b r e a k s  
down a t  t h e  low  l e v e l s  o f  S . O . D .  a n d  % T .O .C .  p r e s e n t  d u r i n g  t h i s  
i n t e r v a l .  I n t e r v a l  "C" was d i f f e r e n t  t h a n  i n t e r v a l s  ”A" a n d  "B'* f o r  
s e v e r a l  r e a s o n s :  The c o r r e l a t i o n  b e tw e e n  S.O.D .  and  B.O.D.  was l e s s ,
i n d i c a t i n g  t h a t  t h e  o x i d a t i v e  a c t i v i t y  o f  t h e  s e d i m e n t  a n d  t h e  w a t e r  
w e r e  l e s s  c l o s e l y  l i n k e d  t h a n  d u r i n g  t h e  s p r i n g .  The % o x i d i z e d  was 
no  l o n g e r  n e g a t i v e l y  c o r r e l a t e d  w i t h  S . O . D . ,  i n d i c a t i n g  t h a t  
f l u c t u a t i o n s  i n  t h e  S .O .D .  was n o t  a s s o c i a t e d  w i t h  f l u c t u a t i o n s  i n  t h e  
b i o l o g i c a l  a v a i l a b i l i t y  o f  t h e  o r g a n i c  m a t t e r .
E x a m i n a t i o n  o f  s h o r t  t e rm  f l u c t u a t i o n s  h a s  f u r t h e r  c l a r i f i e d  t h e  
r e l a t i o n s h i p  b e t w e e n ;  w a t e r  column o r g a n i c  a n d  b i o t i c  a c t i v i t y ,  a n d  
t h e  b e n t h i c  r e s p i r a t i o n  a n d  o r g a n i c  c o n t e n t .  D u r i n g  t h e  s p r i n g  
( i n t e r v a l s  A a n d  B) v a r i a t i o n  i n  S . O . D .  w a s  a l m o s t  e x c l u s i v e l y  a 
f u n c t i o n  o f  v a r i a t i o n  in  T .O .C .  ( t a b l e  5 ) . .  S .O .D .  was a lw a y s  s t r o n g l y
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c o r r e l a t e d  w i t h  T . O . C . ,  b u t  t h e  c o r r e l a t i o n  w i t h  w a t e r  column a c t i v i t y  
was g r e a t e r  d u r i n g  t h e  s p r i n g  t h a n  d u r i n g  t h e  summer.
The d i s c u s s i o n  t h u s  f a r  h a s  d e a l t  w i t h  two m a j o r  t o p i c s :  F i r s t ,
how b e n t h i c  r e s p i r a t i o n  w as  d i r e c t l y  i n f l u e n c e d  by s e d i m e n t  o r g a n i c  
c o n t e n t  a n d ,  s e c o n d ,  t h e  r e l a t i o n s h i p  be tw e e n  s e d i m e n t  o r g a n i c  c o n t e n t  
a n d  t h e  o r g a n i c  m a t t e r  r e g i m e  o f  t h e  w a t e r  c o l u m n .  The  tw o m a in  
t o p i c s  r e m a i n i n g  a r e :  How t h e  n i t r o g e n  and  p h o s p h o r u s  l e v e l s  a f f e c t
t h e  w a t e r  c o l u m n  a n d  s e d i m e n t  a c t i v i t y ;  an d  s e c o n d l y ,  t h e  f e e d - b a c k  
b e tw e e n  s e d i m e n t - w a t e r  n u t r i e n t  f l u x e s ,  and  b e n t h i c  r e s p i r a t i o n .
E f f e c t  o f  N i t r o g e n  and P h o s p h o ru s  i n  W ater  and  S ed im en t  A c t i v i t y
D a i l y  a v e r a g e  w a t e r  column T . P . ,  T . N . ,  and  NC^NO^ c o n c e n t r a t i o n s  
w e r e  m e a s u r e d .  The  r e s u l t s  a r e  p r e s e n t e d ,  r e s p e c t i v e l y ,  i n  f i g u r e s  
1 2 ,  13 ,  and 14 .
N u t r i e n t  s a m p l i n g  w as  i n i t i a t e d  J u n e  1 6 ,  1 9 8 3 .  W a t e r  column 
n u t r i e n t  d a t a  w a s ,  t h e r e f o r e ,  n o t  t a k e n  d u r i n g  t h e  s p r i n g  p e r i o d  o f  
e n h a n c e d  S . O . D .  The  n u t r i e n t  m o n i t o r i n g  p ro g ra m  c o n t i n u e d  i n t o  t h e  
s p r i n g  o f  1984 .  E x t r a p o l a t i n g  t h e  s e a s o n a l  t r e n d  i n  t h i s  d a t a  t o  t h e  
y e a r  b e f o r e  a l l o w s  a n  e s t i m a t i o n  o f  t h e  n u t r i e n t  c o n d i t i o n s  d u r i n g  
A p r i l  t o  May o f  1983 .
S e d i m e n t - w a t e r  N u t r i e n t  F l u x e s
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T . P .  f l u x e s  f o r  May 2 6 ,  A u g u s t  1 ,  a n d  A u g u s t  26 w e r e ,  o n  t h e  
a v e r a g e ,  o u t  o f  t h e  s e d i m e n t  ( t a b l e  4 ) .  T h i s  c o r r e s p o n d e d  t o  a p e r i o d  
w h e n  S . O . D .  w a s  h i g h  ( M a y ) ,  a n d  w h e n  w a t e r  c o l u m n  D . O .  w a s  l o w  
( A u g u s t )  • By O c t o b e r  6 , t h e  s y s t e m  was u n d e r g o i n g  a c h a n g e  w h ic h  was 
r e f l e c t e d  i n  t h e  n e t  f l u x  o f  p h o s p h o r u s  i n t o  t h e  s e d i m e n t .  By t h e  
l a s t  w e e k  i n  O c t o b e r  t h e  r e s u l t i n g  d e c l i n e  i n  w a t e r  column T . P .  l e v e l  
had  become e v i d e n t .
D u r i n g  p e r i o d s  o f  h i g h  m e t a b o l i c  a c t i v i t y  when s e d i m e n t s  become 
a n o x i c ,  t h e  o x i d a t i o n  s t a t e  o f  e l e m e n t s  su ch  as  i r o n  c h a n g e s  ( H i n e s  e t  
a l . ,  1 9 8 2 ) .  T he  l a r g e  s t o r e s  o f  i n o r g a n i c  p h o s p h o r u s  h e l d  a s  f e r r i c  
p h o s p h a t e  a r e  r e l e a s e d  ( N i x o n  e t  a l . ,  1 9 8 0 ) .  T h i s  l e a d s  t o  l a r g e  
f l u x e s  o f  p h o s p h o r u s  t o  t h e  w a t e r  c o l u m n  d u r i n g  p e a k  p e r i o d s  o f  
p r o d u c t i o n  when t h e  n u t r i e n t  i s  m o s t  n e e d e d .  T h u s  s e d i m e n t s  a c t  t o  
s u p p l y  p h o s p h o r u s  w h e n  i t  i s  n e e d e d ,  a n d  s t o r e  t h e  e x c e s s  d u r i n g  
p e r i o d s  o f  low demand.
D e c o m p o s i t i o n  o f  n i t r o g e n o u s  m a t e r i a l  w i t h i n  t h e  b e n t h o s  
g e n e r a t e s  ammonia.  As a r e s u l t ,  ammonia was t h e  do m in a n t  c o n s t i t u e n t  
o f  s e d i m e n t - w a t e r  i n o r g a n i c  n i t r o g e n  f l u x .  Ammonia f l u x e s  o u t  o f  t h e  
s e d i m e n t  w e re  o b s e r v e d  f rom  M a y - O c to b e r ,  w i t h  t h e  g r e a t e s t  v a l u e s  i n  
May.
F i x e d  n i t r o g e n  r e a c h i n g  t h e  s e d i m e n t  may u n d e r g o  a s e r i e s  o f  
r e a c t i o n s .  N i t r o g e n  w h ich  e n t e r s  t h e  s e d i m e n t  may be i n  t h e  fo rm  o f  
ammonium, n i t r i t e ,  n i t r a t e ,  o r  b o u n d  w i t h i n  o r g a n i c  m a t e r i a l .  The  
t h i n  u p p e r m o s t  l a y e r  o f  s e d i m e n t  i s  t h e  m os t  o x i d i z e d  and  h e n c e ,  t h e
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d o m in a n t  i n o r g a n i c  fo rm  o f  n i t r o g e n  i s  t h e  m o s t  o x i d i z e d  f o r m ,  i e : 
n i t r a t e .  P r o g r e s s i n g  d e e p e r  i n  t h e  s e d i m e n t ,  t h e  e n v i r o n m e n t  becomes 
m i c r o a e r o p h i l i c ,  and  t h e  d o m i n a n t  i n o r g a n i c  n i t r o g e n  i s  n i t r i t e ,  a 
l e s s  o x i d i z e d  f o r m  t h a n  n i t r a t e .  E v e n  f u r t h e r  dow n ,  t h e  r e d o x  
p o t e n t i a l  becomes n e g a t i v e ,  and  t h e  do m in a n t  fo rm  o f  n i t r o g e n  b e c o m e s  
ammonium i o n  ( F e n c h e l ,  1 9 6 9 ) ,  t h e  m os t  h i g h l y  r e d u c e d  fo rm  o f  f i x e d  
n i t r o g e n .  B a c t e r i a l  m e t a b o l i s m  i s  p r o b a b l y  t h e  m o s t  i m p o r t a n t  p r o c e s s  
c a u s i n g  t h e s e  n i t r o g e n  t r a n s f o r m a t i o n s  ( G o e r i n g ,  1 9 7 2 ) .
The r e l a t i v e  c o n t r i b u t i o n  o f  NH^ t o  t o t a l  n i t r o g e n  f l u x e s  d u r i n g  
May, a p e r i o d  o f  h i g h  s e d im e n t  a c t i v i t y ,  w ou ld  be e x p e c t e d  t o  be  h i g h .  
Eh,  a  m e a s u r e  o f  t h e  o x i d a t i v e  s t a t e  o f  t h e  s e d i m e n t ,  i n f l u e n c e s  r a t e s  
a n d  p a t h w a y s  o f  b o t h  a b i o t i c  and b i o t i c  r e a c t i o n s ,  and t h e  s t a b i l i t y  
o f  compounds s u b j e c t  t o  b e i n g  o x i d i z e d  o r  r e d u c e d .  I n  g e n e r a l ,  u n d e r  
c o n d i t i o n s  o f  low Eh,  r e d u c e d  compounds become more s t a b l e  r e l a t i v e  t o  
o x i d i z e d  f o r m s .  S e d i m e n t  m e t a b o l i c  a c t i v i t y  d e c r e a s e s  t h e  r e d o x  
p o t e n t i a l  ( E h ) ,  d r i v i n g  t h e  r e d o x  p o t e n t i a l  d i s c o n t i n u i t y  ( R . P . D . )  up 
to w a r d  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  The s t a b i l i t y  o f  ammonia  a t  t h e  
i n t e r f a c e  i n c r e a s e s ,  h e n c e  i t s  p e r c e n t a g e  o f  t h e  t o t a l  n i t r o g e n  f l u x  
w i l l  be g r e a t e r .  An e l e v a t i o n  i n  T . P .  o c c u r r e d  d u r i n g  t h e  l a t t e r  h a l f  
o f  J u n e .  The e l e v a t e d  b e n t h i c  r e s p i r a t i o n  d u r i n g  A p r i l “ May w o u ld  a c t  
t o  l o w e r  t h e  Eh o f  t h e  s u r f a c e  s e d i m e n t  a l l o w i n g  a r e l e a s e  o f  b o u n d  
p h o s p h o r u s .
M acro fauna  may be  e x e r t i n g  an i n f l u e n c e  u p o n  f l u x  r a t e s  d u r i n g  
t h e  s p r i n g .  T h e  s p r i n g  i s  a p e r i o d  o f  e n h a n c e d  m a c r o f a u n a  
r e c r u i t m e n t .  An a b u n d a n t  i n f a u n a  w o u l d  b e  e x p e c t e d  t o  e l e v a t e  t h e
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f l u x  o f  n u t r i e n t s  b e t w e e n  t h e  s e d i m e n t  a n d  w a t e r  ( A l l e r ,  1978  ; 
H e n r i k s e n  e t  a l . ,  1 9 8 0 ;  C a l l e n d e r ,  1 9 8 2 ) .
W a t e r  c o l u m n  NC^NO^ l e v e l s  w e r e  v e r y  low  f ro m  mid  J u n e  t o  t h e  
f i r s t  week i n  S e p t e m b e r .  T h e r e a f t e r  t h e  l e v e l s  i n c r e a s e d  t h r o u g h  
N o v e m b e r .  A s l i g h t  f l u x  o f  NC^NO^ o u t  o f  t h e  s e d i m e n t  o c c u r r e d  i n  
May, b u t  d u r i n g  A u g u s t  t o  O c t o b e r  a  s l i g h t  f l u x  o f  Nt^NO^ i n t o  t h e  
s e d i m e n t  w a s  o b s e r v e d .  T h e r e f o r e  t h e  r i s e  i n  NC^NO^ l e v e l  b e g i n n i n g  
i n  S e p te m b e r  d oes  n o t  a p p e a r  t o  be t h e  d i r e c t  r e s u l t  o f  f l u x e s  f r o m  
t h e  s e d i m e n t .
The tv>?o l a y e r  c i r c u l a t i o n  p a t t e r n  o f  t h e  C h e s a p e a k e  Bay e n h a n c e s  
t h e  r e t e n t i o n  o f  n u t r i e n t s .  A l th o u g h  t h e  f l u s h i n g  t i m e  f o r  t h e  Bay i s  
a b o u t  one y e a r  ( b a s e d  on b a s i n  volume and a n n u a l  f l o w  r a t e )  n u t r i e n t s  
a r e  n o t  f l u s h e d  o u t  i n  d i r e c t  p r o p o r t i o n  ( T a f t ,  1 9 8 2 ) .  With  t h i s  
i n h e r a n t l y  l o n g  r e s i d e n c e  t i m e  o f  n u t r i e n t s  w i t h i n  t h e  B a y ,  some 
b e l i e v e  t h a t  t h e  t o t a l  n u t r i e n t  l e v e l  may p r o v i d e  t h e  b e s t  e s t i m a t e  o f  
t h e  q u a n t i t y  w h ic h  i s  u l t i m a t e l y  a v a i l a b l e .
T .N.  t o  T . P .  R a t i o
The  w e i g h t  r a t i o s  o f  T . N .  t o  T . P .  w e r e  c a l c u l a t e d  a n d  a r e  
p r e s e n t e d  a g a i n s t  t h e  day i n  y e a r  i n  f i g u r e  2 6 .  Two o b s e r v a t i o n s  o f  
i n t e r e s t  a r e  n o t e d  h e r e :  T o t a l  n i t r o g e n  was p r e s e n t  a t  a b o u t  an o r d e r
o f  m a g n i t u d e  g r e a t e r  c o n c e n t r a t i o n  t h a n  t o t a l  p h o s p h o r u s  t h r o u g h o u t  
t h e  summer a n d  f a l l .  D u r i n g  t h e  w i n t e r ,  h o w e v e r ,  t h e  r e l a t i v e
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a b u n d a n c e  o f  n i t r o g e n  w a s  g r e a t e r ,  a n d  d a y  t o  d a y  v a r i a t i o n  w as  
g r e a t e r  t h a n  d u r i n g  t h e  “summer.
M c C a r t h y  e t  a l .  ( 1 9 7 5 )  h a s  n o t e d  t h a t  i n  t h e  C hesapea ke  Bay h i g h  
p h y t o p l a n k t o n  s t a n d i n g  s t o c k s  a n d  h i g h  p h y t o p l a n k t o n  p r o d u c t i v i t y  
p e r s i s t s  i n  t h e  p r e s e n c e  o f  r e l a t i v e l y  low am b ie n t  l e v e l s  o f  d i s s o l v e d  
i n o r g a n i c  n i t r o g e n  a n d  p h o s p h o r u s  t h r o u g h o u t  m o s t  o f  t h e  y e a r .  A 
r a p i d  r e c y c l i n g  o f  n u t r i e n t s  i s  n e e d e d ,  t h e r e f o r e ,  t o  m a i n t a i n  t h e  
p h y t o p l a n k t o n  a c t i v i t y .  I n  a b i o l o g i c a l l y  a c t i v e  s y s t e m  w i t h  
r e l a t i v e l y  low a m b ie n t  n u t r i e n t  l e v e l s ,  a change  in  c o n c e n t r a t i o n  o f  a 
l i m i t i n g  e l e m e n t  h a s  t h e  p o t e n t i a l  f o r  a  l a r g e  c h a n g e  i n  t h e  
b i o l o g i c a l  a c t i v i t y .  H a r r i s  e t  a l .  ( 1975)  h a s  e s t i m a t e d  t h a t  t w i c e  a s  
much p h o s p h a t e  i s  f i x e d  by p r i m a r y  p r o d u c t i o n  i n  t h e  e u p h o t i c  z o n e  o f  
t h e  C h e s a p e a k e  Bay a s  i s  p r e s e n t  i n  t h e s e  s u r f a c e  w a t e r s .  T h i s  
i n d i c a t e s  t h a t  much o f  t h e  f i x e d  p h o s p h a t e  i s  r a p i d l y  r e c y c l e d .
P h y t o p l a n k t o n  u t i l i z e  n i t r o g e n  and p h o s p h o r u s  i n  an a t o m i c  r a t i o  
o f  1 6 : 1  ( R e d f i e l d ,  1 9 3 4 ) .  B a s e d  u p o n  t h e  s t o i c h o m e t r y  o f  p h y t o ­
p l a n k t o n ,  t h e  a t o m i c  r a t i o  o f  t h e s e  two e l e m e n t s  c a n  b e  u s e d  t o  
p r e d i c t  w h ich  o f  t h e s e  e l e m e n t s  i s  p o t e n t i a l l y  l i m i t i n g  t o  f u r t h e r  
p h y t o p l a n k t o n  g r o w t h .  A r a t i o  l e s s  t h a n  16 i n d i c a t e s  p o t e n t i a l  
n i t r o g e n  l i m i t a t i o n ,  w h i l e  a r a t i o  g r e a t e r  t h a n  16 i n d i c a t e s  p o t e n t i a l  
p h o s p h o r u s  l i m i t a t i o n .  D a t a  o b t a i n e d  i n  t h i s  s t u d y  i n d i c a t e s  t h a t ,  
w i t h  o c c a s s i o n a l  d a i l y  e x c e p t i o n s ,  t h e  T . N . : T . P .  a t o m i c  r a t i o  w as  
g r e a t e r  t h a n  1 6 .  T h u s  p h o s p h o r u s  w i l l  b e c o m e  l i m i t i n g  t o  
p h y t o p l a n k t o n  b e f o r e  n i t r o g e n  t h r o u g h o u t  t h e  y e a r  ( f i g u r e  2 3 ) .
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A c h e m i c a l  a n a l y s i s  o f  t h e  s e d i m e n t  o r g a n i c  m a t t e r  w o u l d  b e  
n e e d e d  t o  d e t e r m i n e  i f  p h y t o p l a n k t o n  d e t r i t u s  was a m a j o r  component  o f  
t h e  o r g a n i c  d e p o s i t s .  I f  s o ,  t h e n  t h e  c o n n e c t i o n s  t h a t  h a v e  b e e n  
s how n  b e t w e e n  w a t e r  n u t r i e n t  l e v e l s  a n d  p h y t o p i g m e n t  l e v e l s ,  
p h y t o p i g m e n t  l e v e l s  and  s e d i m e n t  % T .O .C . ,  s e d i m e n t  %T.O.C. and  S . O . D . ,  
w ou ld  im p ly  t h a t  w a t e r  n u t r i e n t  l e v e l s  i n d i r e c t l y  e f f e c t  S .O .D .
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SUMMARY
1) B e n t h i c  oxygen  demand was fo u n d  t o  be much g r e a t e r  t h a n  t h e  o x y g e n  
d em an d  o f  t h e  o v e r l y i n g  w a t e r  a t  a  3 m e t e r  d e e p  s i t e  i n  t h e  e s t u a r i n e  
York R i v e r .  T h e r e f o r e  b e n t h i c  demand i s  a  s i g n i f i c a n t  c o m p o n e n t  o f  
t h e  oxygen  b u d g e t  a t  t h i s  s i t e .
2 )  S ed im en t  o x y g e n  d e m a n d  ( S . O . D . )  r o s e  s i x  f o l d  d u r i n g  A p r i l  a n d  
d r o p p e d  t h e  same m a g n i t u d e  d u r i n g  May.  The  p e r c e n t  t o t a l  o r g a n i c  
c a r b o n  o f  t h e  s e d i m e n t  (% T.O .C .)  f o l l o w e d  t h e  same p a t t e r n  o f  c h a n g e ,  
h o w e v e r  t h e  change  i n  c o n c e n t r a t i o n  was an  o r d e r  o f  m a g n i t u d e .  T h e re  
w as  a s t r o n g  ( r = . 9 7 5  a n d  . 9 4 4 )  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
b e t w e e n  S . O . D .  a n d  % T .O .C .  d u r i n g  b o t h  p e r i o d s .  D u r i n g  J u n e  t o  
O c t o b e r  no m a rke d  ch an g e  i n  S .O .D .  o r  % T .O .C .  o c c u r r e d ,  h o w e v e r  t h e  
s m a l l  f l u c t u a t i o n s  i n  b o t h  p a r a m e t e r s  w e r e  p o s i t i v e l y  c o r r e l a t e d  
( r = . 7 5 9 )  a s  i n  t h e  s p r i n g .
3 )  T h e r e  w a s  a  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  % T .O .C .  o x i d i z e d  and
S .O .D .  d u r i n g  t h e  A p r i l - M a y  p u l s e  i n  S .O .D .  and  %T.O.C. The p u l s e  o f  
c a r b o n  ad d ed  t o  t h e  s e d i m e n t  was r e c a l c i t r a n t  r e l a t i v e  t o  t h a t  p r e s e n t  
b e f o r e  o r  f o l l o w i n g  t h i s  p e r i o d .
4 )  T o t a l  n i t r o g e n  ( T . N . )  r o s e  d u r i n g  J u n e  and J u l y  o f  1983 ,  f o l l o w e d  
by a d e c l i n e  t h r o u g h  D e c e m b e r .  Low w i n t e r  l e v e l s  a b o u t  o n e - t h i r d
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t h o s e  o f  t h e  summer p e r s i s t e d  t h r o u g h  M arch ,  1984 .  T o t a l  N i t r o g e n  
( T . N . )  f o l l o w e d  t h e  same a n n u a l  c y c l e  e x c e p t  t h a t  d u r i n g  t h e  summer i t  
w a s  r e l a t i v e l y  l e s s  a b u n d a n t  d u r i n g  t h e  summer. As t h e s e  n u t r i e n t s ,  
i n  p a r t ,  d e l i n e a t e  t h e  maximum p h y t o p l a n k t o n  s t a n d i n g  s t o c k  t h e y  
a f f e c t  t h e  c a r b o n  p r o d u c t i o n  o f  t h e  s y s t e m ,  and  t h e r e b y  a f f e c t  t h e  
b e n t h i c  r e s p i r a t i o n  r a t e .  C h l o r o p h y l l  a n d  p h e o p h y t i n  " a "  l e v e l s  
f o l l o w e d  t h e  p a t t e r n  o f  s e a s o n a l  a b u n d a n c e  a s  T.N.  and  T . P .  w i t h  t h e  
e x c e p t i o n  o f  a  s t r o n g  p h y t o p l a n k t o n  bloom i n  t h e  s p r i n g  o f  1984 .
5 )  The  a t o m i c  N :P  r a t i o  i n d i c a t e s  t h a t  t h e  York R i v e r  i s  p o t e n t i a l l y  
p h o s p h o r u s  l i m i t e d .  C o n s e q u e n t l y  p h o s p h o r u s  r e l e a s e d  f r o m  s e d i m e n t  
b e c o m i n g  a n o x i c  d u r i n g  t h e  s u m m e r ,  a  p e r i o d  o f  p e a k  p h y t o p l a n k t o n  
a c t i v i t y ,  c o u l d  b e  a n  i m p o r t a n t  p r o c e s s  i n  t h i s  e s t u a r y .  
A n t h r o p o g e n i c  i n p u t s  o f  p h o s p h o r u s  w i l l  have  a g r e a t e r  im p a c t  upon  t h e  
t r o p h i c  s t a t e  t h a n  an i n p u t  o f  n i t r o g e n .
6 ) D a i l y  f l u c t u a t i o n s ,  t y p i c a l l y  r a n g i n g  up  t o  50%, i n d i c a t e  t h e  
p o t e n t i a l  e r r o r  i n  j u d g i n g  t h e  n u t r i e n t  s t a t u s  o f  a  s y s t e m  on a s i n g l e  
s a m p l e ,  o r  s e v e r a l  d a y s  d a t a .  D i u r n a l  and  t i d a l  f l u c t u a t i o n s  would  
f u r t h e r  b i a s  a n  e v a l u a t i o n  i f  t h e  d a t a  w as  b a s e d  o n  g r a b  s a m p l e s  
r a t h e r  t h a n  d a i l y  c o m p o s i t e  s a m p l e s .
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TABLE 1 
W ate r  Column B . O .D . s
D a te  T e m p e r a t u r e  R e p l i c a t e  C o e f f i c i e n t  o f
MO DY YR °C W ater B.O.D. V a r i a t i o n
0 3 - 1 4 - 8 3 1 9 . 5 1 . 4 0
0 3 - 2 9 - 8 3 1 9 . 5 0 . 9 0 0 . 9 5 3 . 8 2
0 4 - 0 4 - 8 3 1 9 . 5 1 . 2 5 1 . 3 0 2 .7 7
0 4 - 1 8 - 8 3 1 9 . 5 1 . 1 5 1 . 4 0 1 3 .8 6
0 4 - 2 9 - 8 3 1 9 . 5 3 . 2 5 3 . 4 0  3 . 4 5 3 . 0 9
0 5 - 0 9 - 8 3 1 9 . 5 4 . 1 3
0 5 - 1 6 - 8 3 1 9 . 5 1 . 7 5 1 . 7 0 2 . 0 5
0 5 - 2 3 - 8 3 1 9 . 5 2 . 4 0 2 . 4 5 1 . 4 6
0 5 - 2 6 - 8 3 1 9 . 5 2 . 3 5 2 . 8 5 1 3 .6 0
0 6 - 0 6 - 8 3 1 9 . 5 1 . 8 9
0 6 - 1 2 - 8 3 1 9 . 5 2 . 5 0 2 . 4 5 1 .4 3
0 6 - 2 0 - 8 3 1 9 . 5 2 . 1 0 2 . 1 0 0 . 0 0
0 6 - 2 6 - 8 3 1 9 . 5 2 . 9 5 3 . 0 0 1 . 1 9
0 7 - 0 1 - 8 3 1 9 . 5 3 . 8 8 3 . 9 3 0 . 9 1
0 8 - 0 2 - 8 3 1 9 . 5 2 .8 7 3 . 0 3 3 . 8 4
0 8 - 0 5 - 8 3 1 9 . 5 3 . 1 8 3 . 3 8 4 . 3 1
0 8 - 1 6 - 8 3 1 9 . 5 1 . 8 0 1 . 8 3 1 .17
0 8 - 2 1 - 8 3 1 9 . 5 2 . 8 0 3 . 0 5 6 . 0 4
0 8 - 2 6 - 8 3 1 9 . 5 2 . 7 5 2 . 8 3 2 . 0 3
0 8 - 3 1 - 8 3 1 9 . 5 2 . 2 6 2 . 3 2 1 . 8 5
0 8 - 3 1 - 8 3 2 7 . 5 6 . 0 0 6 . 4 0 4 . 5 6
0 9 - 0 9 - 8 3 1 9 . 5 2 . 0 5 2 . 1 3 2 . 7 1
0 9 - 0 9 - 8 3 1 2 . 5 0 . 7 8 0 . 8 7 7 . 7 1
0 9 - 0 9 - 8 3 7 . 0 0 . 0 0 0 . 0 0 0 . 0 0
0 9 - 1 7 - 8 3 1 2 . 0 0 . 2 9 0 . 2 9 0 . 0 0
0 9 - 1 7 - 8 3 1 9 . 5 0 . 7 7 0 . 8 0 2 . 7 0
1 0 - 0 6 - 8 3 1 9 . 5 1 .26 1 . 2 6 0 . 0 0
1 0 - 0 6 - 8 3 2 5 . 0 1 . 4 4 1 .4 7 1 .4 6
For  1 9 . 5  C CV =*3.42 SD = 3 .7 0cv
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TABLE 2
E f f e c t  o f  I n c u b a t i o n  T e m p e r a t u r e  on 
S ed im en t  Oxygen Demand
DATE iCORE TEMP S.O.D .  p e r
* 1 0
MO DY YR # °C Dry gram
0 8 - 3 1 - 8 3 1 2 7 . 5 0 .4 2 7
0 8 - 3 1 - 8 3 1 1 9 .5 0 . 4 3 8 0 . 9 7
0 8 - 3 1 - 8 3 2 2 7 . 5 0 . 5 2 5
0 8 - 3 1 - 8 3 2 1 9 . 5 0 . 5 6 4 0 . 9 2
0 8 - 3 1 - 8 3 3 2 7 . 5 0 . 5 5 5
0 8 - 3 1 - 8 3 3 1 9 .5 0 . 4 9 5 1 . 1 5
0 9 - 0 9 - 8 3 1 1 9 . 0 0 . 4 7 2
0 9 - 0 9 - 8 3 1 1 2 . 5 0 . 2 9 4 1 .9 3
0 9 - 0 9 - 8 3 2 1 9 . 0 0 . 4 6 2
0 9 - 0 9 - 8 3 2 1 9 . 0 0 . 4 6 6
0 9 - 0 9 - 8 3 2 1 2 . 5 0 . 3 0 4
0 9 - 0 9 - 8 3 2 1 2 . 5 0 . 4 8 8 1 .27
0 9 - 0 9 - 8 3 3 1 9 . 0 0 . 4 3 0
0 9 - 0 9 - 8 3 3 1 2 . 5 0 . 5 0 5 0 . 7 7
1 0 -0 6 -8 3 1 2 5 . 0 0 . 3 1 0
1 0 - 0 6 - 8 3 1 2 5 . 0 0 .3 3 6
1 0 -0 6 -8 3 1 2 0 . 0 0 .4 4 6
1 0 - 0 6 - 8 3 1 2 0 . 0 0 . 4 7 2 0 . 4 1
1 0 - 0 6 -8 3 2 2 5 . 0 0 .4 8 3
1 0 - 0 6 - 8 3 2 2 0 . 0 0 . 6 7 5 0 . 4 3
1 0 - 0 6 -8 3 3 2 5 . 0 0 . 3 5 6
1 0 - 0 6 - 8 3 3 2 0 . 0 0 . 4 3 5 0 . 6 4
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TABLE 3
D u p l i c a t e  S ed im en t  Oxygen Demands t o  T e s t  
P r e c i s s i o n  o f  T e c h n iq u e
D ate  Temp R e p l i c a t e  S . O . D . s  C o e f f i c i e n t  o f  
MO DY YR °C__________________________________ V a r i a t i o n
0 3 -2 9 -8 3 1 9 .5 0 . 6 4 4 0 . 6 7 6  0 . 7 9 8 1 1 .4 6
0 7 -0 1 - 8 3 1 9 .5 0 . 8 0 8 0 . 7 9 6 1 . 0 0
0 7 -0 1 - 8 3 1 9 . 5 0 . 7 6 2 0 . 8 7 1 9 . 4 6
0 8 -2 6 -8 3 1 9 . 5 0 . 4 9 9 0 . 4 5 3 6 . 8 0
0 8 -2 6 -8 3 1 9 . 5 0 .3 5 1 0 . 3 3 5 3 . 2 6
0 9 -0 9 -8 3 1 9 .5 0 . 4 6 2 0 . 4 6 6 0 . 5 9
0 9 -0 9 - 8 3 1 2 . 5 0 . 3 0 4 0 . 4 8 8 3 2 . 8 6
1 0 -0 6 -8 3 1 9 .5 0 . 4 7 2 0 . 4 3 4 3 . 8 9
10 -0 6 -8 3 2 5 . 0 0 . 3 3 6 0 . 3 1 0 5 .7 3
For  1 9 . 5 ° C ,  CV = 5 .2 1  SD =4.17cv
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TABLE 4
Chamber F l u x e s  and  S.O.D« and  T .O .C .  o f  A d j a c e n t  S ed im en t
— DATE—  FLUX IN MILLIGRAMS METER*2 H0UR- 1  SEDIMENT
MO DY YR #
° 2
nh 3 no 2 no 3 no 3 T . P . T.N. S .O .D . T .O .C .
04 08 83 1 - 2 6 4 .
05 26 83 1 13 .1 .132 . 0 0 0 1 5 . 0 2 . 1 1 1 .6 4 3 0 .9 8 0 6
05 26 83 1 1 3 .1 .132 . 0 0 0 1 5 . 0 2 . 1 1 1 .8 2 5 1 .1 3 7 4
05 26 83 2 1 3 .1 - 8 . 7 0 .132 2 1 . 4 2 . 1 1
07 0 1 83 1 - 8 4 . 4 0 .8 1 6 0 . 2 7 6 9
07 0 1 83 2 - 1 3 4 . 0 . 8 0 2 0 .2 2 3 0
07 0 1 83 3 - 8 1 . 7 0 .8 1 6 0 .2 7 6 9
08 05 83 1 - 9 4 . 9 4 . 8 8 - 2 . 9 0 1 . 4 5 7 . 7 8 . 0 0 0 0 . 5 5 9 0 . 1 9 7 4
08 05 83 2 - 9 8 . 9 2 . 3 7 0 . 5 2 8 0 .1 2 8 3
08 05 83 3 - 7 6 . 5 7 . 5 1 - . 5 2 7 1 . 4 5 46 . 4 6 . 5 9 0 .5 1 6 0 . 2 0 6 4
08 26 83 1 - 1 1 7 . 8 . 4 4 - . 3 9 5 . 0 0 0 - 1 6 . 1 - . 1 3 2 0 .3 4 3 0 . 1 3 6 0
08 26 83 2 - 1 5 1 . 8 . 8 3 - . 3 9 5 .132 8 . 4 4 .659 0 .4 7 6 0 . 1 8 9 2
08 26 83 3 - 7 3 . 8 3 . 1 6 .132 .132 2 3 . 3 .659 0 .6 2 3 0 . 2 1 5 4
1 0 06 83 1 - 1 4 6 . 3 . 1 6 - . 1 3 2 - . 1 3 2 .659 .791 0 .4 3 5 0 . 1 2 7 4
1 0 06 83 2 - 5 4 . 1 2 . 7 7 - . 2 6 4 . 0 0 0 - 5 . 0 1 1 . 1 9 0 .3 7 5 0 . 2 6 5 1
1 0 06 83 3 - 1 9 2 . 7 . 5 1 - . 3 9 5 - . 1 3 2 - 1 1 . 1 1 . 4 5 0 .4 5 9 0 .2 3 4 5
P o s i t i v e  v a l u e s  i n d i c a t e  a  f l u x  o u t  o f  t h e  s e d i m e n t .
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TABLE 5
C o r r e l a t i o n  c o e f f i c i e n t s  be tw e e n  S . O . D . /  g r  d r y  s e d i m e n t  and 
s e d i m e n t  % T.O .C . ,  % o x i d i z e d ,  and  w a t e r  B.O.D.
F o r  i n t e r v a l s  1 ,  2 ,  and 3
P e a r s o n  C o r r e l a t i o n  Number o f  Cases
C o e f f i c i e n t  ( r ) f o r  c o r r e l a t i o n
1▲ OAm
i t t e i v d i
3 1 2 3
-T cl -l aiue LC1
%T. 0.  C. .975* .944* .759* 17 24 58
% O x i d i z e d - . 6 1 9 * - . 4 7 8 * .016 17 24 58
B.O.D. .740* .707* .358* 17 24 58
* S t a t i s t i c a l l y  s i g n i f i c a n t  a t  alpha=0.05
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TABLE 6
C o r r e l a t i o n  C o e f f i c i e n t s  Between Chamber F l u x  P a r a m e t e r s  
F or  J u l y  1 ,  A ugus t  5 ,  A u g u s t  2 6 ,  and  O c to b e r  6 , 1983
02  NH^ No’ nO^ NO3  TP TN SOD
° 2
1 2 . 8 . 8 . 8 . 8 . 1 2 . 1 2
NHI - 0 . 4 8 6 8 . 8 . 8 . 8 . 8 . 8
NO^NO^ - 0 . 0 9 9 - 0 . 0 2 6 8 . 8 . 8 . 8 . 8
NO3 0 . 4 2 4 0 . 1 1 3 - 0 . 7 0 3 8 . 8 . 8 . 8
TP 0 . 4 6 0 - 0 . 0 3 0 - 0 . 0 1 6 0 . 6 7 0 8 . 8 . 8
TN 0 .1 7 7 0 . 2 1 0 0 . 1 5 6 0 . 5 2 3 0 . 7 5 4 * 1 2 . 1 2
SOD 0 . 2 1 3 - 0 . 2 1 6 - 0 . 2 6 6 0 . 4 8 5 0 .6 7 9 - 0 . 2 4 2 1 2
Lower t r i a n g l e : C o r r e l a t i o n  C o e f f i c i e n t s
Upper t r i a n g l e :  # o f  c a s e s  f o r  c o r r e l a t i o n
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pazipjxo "3‘0'1 P  %
F ig u re  19
Interval A
March 29 through April 29
Julian Day 88 through 119
W ater  B.O.D,
80 J u l i a n  Day




120J u l i a n  Day
80
% o f  T .O .C . O x id iz e d  
in  5 Day s
X
X
J u l i a n  Day 120
T o t a l  O rg a n ic  Carbon
0
12080 J u l i a n  Day
F ig u re  80
Interval B
April 30 through June 6
Julian Day 120 through 157
W ater  B .O .D . S ed im en t Oxygen Demand
120 180J u l i a n  Day
6
0  _  
120 180J u l i a n  Day
% o f  T .O .C . O x id iz e d  
i n  5 Days
0 .3
0 . 1  -  
120 180J u l i a n  Day
T o t a l  O rg a n ic  C arbon
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F igure  SI
Interval C
June 7 through October 6

















































CD *c -  =
D
5*8]


































































^ X ^ . ^ x X
s  °5- o
o
CN














A l l e r ,  R . . C . ,  1 9 7 8 .  The e f f e c t s  o f  a n i m a l - s e d i m e n t  i n t e r a c t i o n s  on 
g e o c h e m ic a l  p r o c e s s e s  n e a r  t h e  s e d im e n t - w a te r  i n t e r f a c e ,  p .  1 57 -172  
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d i s t r i b u t i o n s  and  th e  a n a e r o b i c  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  i n  
s u r f a c e  s e d im e n ts  o f  Long I s l a n d  Sound, U .S .A .  M arin e  B io lo g y  5 6 :  2 9 -  
4 2 .
B i l l e n ,  G . ,  1 9 78 .  A b u d g e t  o f  n i t r o g e n  r e c y c l i n g  i n  N o r th  Sea 
s e d im e n ts  o f f  t h e  B e l g i a n  c o a s t .  E s t u a r i n e  and  C o a s t a l  S h e l f  S c ie n c e  
7 :  1 2 7 -1 4 6 .
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b i o l o g y ,  and v e r t i c a l  f l u x  o f  p a r t i c u l a t e  m a t t e r  from  t h e  u p p e r  400 m 
o f  t h e  Cape B a s in  i n  t h e  s o u t h e a s t  A t l a n t i c  O cean . D eep -S ea  R es .  2 5 :  
1 1 2 1 -1 1 6 1 .  *
C a l l e n d e r ,  E . ,  1 982 . B e n t h i c  p h o p h o ru s  r e g e n e r a t i o n  in  t h e  Potom ac
R iv e r  E s t u a r y .  H y d r o b i o l o g i a  9 2 :  4 3 1 -4 4 6 .
C a l l e n d e r ,  E . , D .E. Hammond, 1 9 8 2 .  N u t r i e n t  ex ch a n g e  a c r o s s  t h e  
s e d im e n t - w a te r  i n t e r f a c e  i n  t h e  Potom ac R iv e r  e s t u a r y .  E s t u a r i n e ,  
C o a s t a l  and S h e l f  S c i e n c e ,  1 5 :  3 9 5 -4 1 3 .
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m i c r o b i a l  ab u n d an ce  w i t h i n  f o u r  m a r in e  s e d im e n t s .  M ar in e  E co lo g y  
9 :  2 7 3 -2 8 0 .
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C a re y ,  A . J .  J r . ,  1 9 6 7 . E n e r g e t i c s  o f  t h e  b e n t h o s  o f  Long I s l a n d  Sound 
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APPENDIX 1
SEDIMENT DATA
SOD i s  e x p r e s s e d  a s  t h e  
ch an g e  in  D.O. i n  ppm p e r  
g o f  s e d im e n t  p e r  5 d a y s .
CODE:
AA WEEKLY 0 - 2 cms n o rm a l  temp
(AB,AC, etc.=REPLICATE CORES)
BA WEEKLY 0 - 2 cms c o o l
CA WEEKLY 0 -2  cms warm
DA WEEKLY DEEP CORE 0 - 2 cms (DB=C0RE#2)
EA WEEKLY DEEP CORE 2 - 5 cms
FA WEEKLY DEEP CORE 5 - 1 0 cms
GA CHAMBER 0 - 2 cms (GB=CHAM # 2 ,  0 - 2 cms)
HA CHAMBER 2 - 5 cms ( e t c . )
IA CHAMBER 5 - 1 0 cms 
JA CHAMBER 0 - 2 cms warm
CODE DATE SOD/gr %H20 SOD/gr %TOC
MO DY YR WET DRY
AA 0 3 -1 4 -8 3 1 .5 9 1 8
AA 0 3 -2 9 -8 3 1 .6 6 1 0 2 3 .1 7 2 .1 6 1 9 0 .1 2 9 3
AB 0 3 -2 9 -8 3 1 .8 8 4 7 3 8 .9 8 3 .0 8 8 7 0 .3 0 0 0
AC 0 3 -2 9 -8 3 1 .6 1 1 8 2 9 .3 5 2 .2 8 1 4 0 .1 9 3 1
AD 0 3 -2 9 -8 3 1 .4 4 4 1 3 2 .7 6 2 .1 4 7 7 0 .2 3 4 3
AD 0 3 -2 9 -8 3 1 .5 1 7 1 3 2 .6 8 2 .2 5 3 6 0 .2 2 2 5
AD 0 3 -2 9 -8 3 1 .7 9 3 9 3 2 .5 3 2 .6 5 8 8 0 .2 2 8 2
AA 0 4 -0 4 -8 3 1 .0 4 3 6 3 2 .2 0 1 .5 3 9 2 0 .1 4 3 9
AB 0 4 -0 4 -8 3 4 .4 5 8 7 7 0 .8 5 1 5 .2 9 5 7 2 .0 3 0 0
AC 0 4 -0 4 -8 3 3 .0 3 7 7 7 3 .8 4 1 1 .6 1 2 0 1 .7611
AD 0 4 -0 4 -8 3 3 .0 9 8 7 7 2 .3 6 1 1 .2 1 0 9 1 .8311
AA 0 4 -1 8 -8 3 2 .9 8 0 0 6 0 .8 1 7 .6 0 4 0 0 .5 8 2 7
AB 0 4 -1 8 -8 3 2 .7 4 5 6 5 1 .6 6 5 .6 7 9 8 0 .6 4 5 5
AC 0 4 -1 8 -8 3 4 .1 5 2 9 7 3 .2 8 1 5 .5 4 2 3 2 .1 5 1 3
AD 0 4 -1 8 -8 3 3 .7 5 0 5 5 1 .2 2 7 .6 8 8 6 1 .0 4 0 7
AA 0 4 -2 9 -8 3 4 .0 1 4 4 7 7 .5 2 1 7 .8 6 0 3 2 .3 4 2 8
AB 0 4 -2 9 -8 3 3 .6 7 4 3 8 1 .4 3 1 9 .7 8 4 8 2 .8 1 3 0
AC 0 4 -2 9 -8 3 4 .6 9 3 5 6 4 .2 8 1 3 .1 3 9 6 1 .1 8 7 9
AA 0 5 -0 9 -8 3 3 .6 6 3 0 7 4 .5 4 1 4 .3 8 7 3 2 .0 0 7 2
AB 0 5 -0 9 -8 3 2 .5 0 9 1 6 2 .6 1 6 .7 1 1 1 0 .9 5 3 5
AC 0 5 -0 9 -8 3 2 .9 8 8 4 7 4 .8 5 1 1 .8 8 0 1 2 .5 9 2 5
AD 0 5 -0 9 -8 3 3 .5 5 9 0 7 7 .5 6 1 5 .8 6 1 3 2 .9 9 0 0
AA 0 5 -1 6 -8 3 1 .7 4 6 2 3 6 .9 4 2 .7 6 9 1 0 .3 2 4 6
AB 0 5 -1 6 -8 3 3 .1 0 4 0 7 2 .3 0 1 1 . 2 1 0 0 2 .0 3 7 4
AC 0 5 -1 6 -8 3 2 .5 4 2 0 5 5 .4 0 5 .6 9 9 5 0 .7 5 7 4
AD 0 5 -1 6 -8 3 2 .4 8 3 4 3 9 .5 7 4 .1 0 9 7 0 .4 6 2 2
AA 0 5 -2 3 -8 3 1 .9 2 8 3 4 2 .2 7 3 .3 4 0 2 0 .4 5 5 7
AB 0 5 -2 3 -8 3 1 .8 5 7 6 4 6 .9 7 3 .5 0 2 9 0 .4 2 1 9
AC 0 5 -2 3 -8 3 1 .3 3 6 8 2 9 .4 7 1 .8 9 5 4 0 .1 7 6 2
AD 0 5 -2 3 -8 3 2 .1 4 1 7 4 0 .1 3 3 .5 7 7 3 0 .4 8 6 8
GA 0 5 -2 6 -8 3 1 .9 8 5 1 5 0 .3 5 3 .9 9 8 2 0 .5 6 2 6
HA 0 5 -2 6 -8 3 1 .2 9 2 7 3 2 .4 9 1 .9 1 4 0 0 .2 2 8 3
GA 0 5 -2 6 -8 3 2 .6 3 1 3 5 8 .9 7 6 .4 1 3 1 0 .9 7 3 3
IA 0 5 -2 6 -8 3 1 .3 9 6 2 1 9 .1 0 1 .7 2 5 8 0 .0 7 6 5
GB 0 5 -2 6 -8 3 2 .2 4 0 9 5 9 .0 8 5 .4 7 6 3 0 .9 8 0 6
83
CODE DATE 
MO DY YR 
HB 0 5 -2 6 -8 3  
GB 0 5 -2 6 -8 3  
HA 0 5 -2 6 -8 3  
HB 0 5 -2 6 -8 3  
IB 0 5 -2 6 -8 3  
AA 0 6 -0 6 -8 3  
AB 0 6 -0 6 -8 3  
AC 0 6 -0 6 -8 3  
AD 0 6 -0 6 -8 3  
AE 0 6 -0 6 -8 3  
AA 0 6 -1 2 -8 3  
AB 0 6 -1 2 -8 3  
AC 0 6 -1 2 -8 3  
AD 0 6 -1 2 -8 3  
AA 0 6 -2 0 -8 3  
AB 0 6 -2 0 -8 3  
AC 0 6 -2 0 -8 3  
AD 0 6 -2 0 -8 3  
AE 0 6 -2 0 -8 3  
AA 0 6 -2 6 -8 3  
AB 0 6 -2 6 -8 3  
AC 0 6 -2 6 -8 3  
AD 0 6 -2 6 -8 3  
GB 0 7 -0 1 -8 3  
GB 0 7 -0 1 -8 3  
GA 0 7 -0 1 -8 3  
GA 0 7 -0 1 -8 3  
DA 0 7 -0 1 -8 3  
EA 0 7 -0 1 -8 3  
FA 0 7 -0 1 -8 3  
AA 0 8 -0 2 -8 3  
AB 0 8 -0 2 -8 3  
AC 0 8 -0 2 -8 3  
AD 0 8 -0 2 -8 3  
AE 0 8 -0 2 -8 3  
GA 0 8 -0 5 -8 3  
GB 0 8 -0 5 -8 3  
GC 0 8 -0 5 -8 3  
AA 0 8 -1 6 -8 3  
AB 0 8 -1 6 -8 3  
AC 0 8 -1 6 -8 3  
AD 0 8 -1 6 -8 3  
AA 0 8 -2 1 -8 3  
AB 0 8 -2 1 -8 3  
AC 0 8 -2 1 -8 3  
AD 0 8 -2 1 -8 3  
GA 0 8 -2 6 -8 3  
GA 0 8 -2 6 -8 3  
GB 0 8 -2 6 -8 3  
GB 0 8 -2 6 -8 3  
GC 0 8 -2 6 -8 3  
AA 0 8 -3 1 -8 3
SOD/gr %H20
WET
0 .8 2 4 6 2 0 .5 6
2 .3 3 7 2 6 1 .5 9
0 .8937
1 .1 1 4 2 2 6 .1 8
1 .0 1 3 0 2 0 .6 3
0 .9 7 9 9 2 2 .6 7
1 .1 5 1 2 2 4 .0 6
2 .1 7 8 0 2 8 .8 6
1 .2663 3 6 .7 7
1 .9396 3 6 .3 8
0 .8 9 4 6 2 4 .6 4
0 .7 4 8 7 2 3 .4 5
1 .2 7 0 4 2 5 .3 5
0 .9 6 3 2 2 2 .8 3
1 . 2 0 1 1 2 2 . 6 6
1 .0 8 0 2 2 3 .8 1
0 .8477 2 3 .1 2
0 .7 8 6 3 2 2 .0 5
0 .8 9 5 5 2 1 .9 7
1 .8 0 6 5 3 1 .8 2
1 .4 1 7 6 2 8 .7 1
1 .4 8 6 0 2 5 .3 5
1 .5 3 3 5 2 8 .4 8
1.7551 3 4 .8 0
1 .7 3 0 5 3 4 .8 0
1 .6726 3 4 .1 2
1 .9 1 2 4 3 4 .1 2
2 .1291 2 6 .8 2
1 .2477 2 0 .1 4
0 .9 3 2 3 1 9 .0 3
1 .2 5 1 4 2 4 .2 3
1 .4 4 9 4 2 4 .7 6
1 .9 4 6 8 2 6 .9 9
1 .5 7 2 0 2 5 .2 3
1 .4 7 7 4 2 3 .2 0
1 .3326 2 8 .4 5
1.2651 2 8 .1 0
1 .2 3 2 5 2 8 .4 0
0 .9 8 6 1 2 2 .5 7
1 .5 7 9 4 2 8 .5 3
2 .0 0 9 4 3 3 .3 3
1 .7 8 8 8 27 .82
1 .2586 2 6 .3 9
1 .6 0 1 3 2 8 .5 8
0 .5 4 6 7 2 6 .8 0
1.9017 2 9 .5 7
0 .9 2 7 2 2 0 .7 0
0 .8 8 5 4 2 0 .7 0
1 .2401 2 5 .4 8
1 .1263 2 5 .4 8
1 .5 2 2 4 2 6 .7 4
1.1407 2 1 .8 5
SOD/gr %TOC
DRY
1 .0380 0 .1 0 8 7
6 .0 8 4 9 1 .1 3 7 4
1 .5093 0 .1 3 5 2
1 .2763 0 .1 2 6 4
1 .2671 0 .1 0 1 9
1 .5159 0 .1 2 3 1
3 .0 6 1 9 0 .2 6 5 9
1 .9 3 9 4 0 .1 7 6 1
3 .0 4 8 5 0 .3 3 5 0
1 .1871 0 .1 4 1 3
0 .9 7 8 1 0 .1 3 9 6
1 .7 0 1 8 0 .1 1 2 3
1 .2482 0 .1 4 7 3
1 .5 5 3 0 0 .1 7 7 4
1 .4 1 7 8 0 .1 0 1 3
1 .1026 0 .0 6 6 2
1 .0087 0 .1 3 0 8
1 .1476 0 .0 8 4 2
2 .6496 0 .2 8 4 9
1 .9885 0 .1 9 0 7
1 .9906 0 .1 9 1 9
2 .1 4 4 2 0 .2 9 5 3
2 .6 9 1 9 0 .2 2 3 0
2 .6541 0 .2 2 3 0
2 .5 3 8 9 0 .2 7 6 9
2 .9 0 2 9 0 .2 7 6 9
2 .9 0 9 4 0 .2 6 1 6
1 .5 6 2 4 0 .0 8 9 2
1 .1 5 1 4 0 .2187
1 .6516 0 .1 7 0 2
1 .9 2 6 4 0 .1 6 3 2
2 .6 6 6 5 0 .1 2 7 6
2 .1 0 2 4 0 .1537
1 .9237 0 .1 8 6 1
1 .8 6 2 5 0 .1 9 7 4
1 .7 5 9 5 0 .1 2 8 3
1 .7213 0 .2 0 6 4
1 .2735 0 .0 8 6 2
2 .2 0 9 9 0 .1 6 5 5
3 .0 1 3 9 0 . 2 2 0 0
2 .4 7 8 2 0 .2 8 7 8
1 .7 0 9 8 0 .1 5 5 5
2 .2421 0 .2 1 4 6
0 .7 4 6 9 0 .2 4 2 2
2 .7001 0 .3 7 7 3
1 .1692 0 .1 0 2 6
1 .1 1 6 5 0 .1 0 2 6
1 .6641 0 .1 2 1 6
1 .5 1 1 4 0 .1 2 1 6
2 .0781 0 .1 6 6 0
1 .4596 0 .1 7 3 8
84
CODE DATE 
MO DY YR 
AB 0 8 -3 1 -8 3  
AC 0 8 -3 1 -8 3  
AD 0 8 -3 1 -8 3  
CA 0 8 -3 1 -8 3  
CB 0 8 -3 1 -8 3  
CD 0 8 -3 1 -8 3  
AA 0 9 -0 9 -8 3  
AB 0 9 -0 9 -8 3  
AB 0 9 -0 9 -8 3  
AC 0 9 -0 9 -8 3  
BA 0 9 -0 9 -8 3  
BB 0 9 -0 9 -8 3  
BB 0 9 -0 9 -8 3  
BC 0 9 -0 9 -8 3  
AA 0 9 -1 7 -8 3  
EA 0 9 -1 7 -8 3  
DA 0 9 -1 7 -8 3  
AB 0 9 -1 7 -8 3  
JC 1 0 -0 6 -8 3  
GB 1 0 -0 6 -8 3  
GC 1 0 -0 6 -8 3  
GC 1 0 -0 6 -8 3  
JA 1 0 -0 6 -8 3  
JB 1 0 -0 6 -8 3  
JC 1 0 -0 6 -8 3  
JC 1 0 -0 6 -8 3
SOD/gr %H20
WET
1 .4 2 0 4 2 4 .4 9
1 .1 5 1 0 2 2 . 6 6
1 .2617 2 3 .5 7
1 .1 1 1 3 2 1 .8 5
1 .3207 2 4 .4 9
1 .4 1 5 2 2 3 .5 7
1 .1 8 7 2 2 4 .5 0
1 .1 7 6 9 2 3 .6 1
1 .1867 2 3 .6 1
1 .1 0 0 9 2 3 .2 7
0 .7 3 8 8 2 4 .5 0
0 .7 7 3 7 2 3 .6 1
1 .2421 2 3 .6 1
1 .2 9 2 8 2 3 .2 7
1 .0 3 0 3 2 1 .9 9
1 .0 4 8 8 2 0 .2 5
1 .1 2 2 9 2 2 .7 9
1 .0 9 7 2 2 3 .0 5
1 .0 8 8 9 2 4 .8 4
1 .5 8 9 2 2 9 .3 3
1 .1 6 6 3 2 5 .8 2
1 .1 0 3 9 2 5 .8 2
0 .8 9 2 1 2 4 .8 4
1 .1 3 7 2 2 9 .3 3
0 .8 3 0 0 2 5 .8 2
0 .7 6 5 3 2 5 .8 2
SOD/gr %TOC
DRY
1.8811 0 .1 3 3 1
1 .4 8 8 2 0 .0 8 0 3
1 .6508 0 . 1 1 1 2
1 .4 2 2 0 0 .1 7 3 8
1 .7 4 9 0 0 .1 3 3 1
1 .8516 0 . 1 1 1 2
1 .5 7 2 5 0 .1 5 7 3
1 .5406 0 .1 1 5 2
1 .5 5 3 5 0 .1 1 5 2
1 .4 3 4 8 0 .1 6 9 9
0 .9 7 8 5 0 .1 5 7 3
1 .0 1 2 8 0 .1 1 5 2
1 .6 2 6 0 0 .1 1 5 2
1 .6 8 4 9 0 .1 6 9 9
1 .3207 0 .0 8 6 1
1 .3151 0 .0 8 3 4
1 .4 5 4 3 0 .0 7 2 9
1 .4 2 5 9 0 .1 1 7 1
1 .4 4 8 8 0 .1 2 7 4
2 .2 4 8 8 0 .2651
1 .5723 0 .2 3 4 5
1 .4881 0 .2 3 4 5
1 .1 8 6 9 0 .1 2 7 4
1 .6 0 9 2 0 .2 6 5 1
1 .1 1 8 9 0 .2 3 4 5




JULIAN DATE SECCHI CHLO PHEO BOD SALINITY TEMP
DAY MO-DY-YR m e te r s  " a " " a " mg/ml °C
061 0 3 -0 2 -8 3 6 . 2
068 0 3 -0 9 -8 3 8 . 2
078 0 3 -1 9 -8 3 9 .0
083 0 3 -2 4 -8 3 9 .5
088 0 3 -2 9 -8 3 0 .9 0
088 0 3 -2 9 -8 3 0 .9 5
091 0 4 -0 1 -8 3 9 .5
094 0 4 -0 4 -8 3 1 .2 5
094 0 4 -0 4 -8 3 1 .3 0
099 0 4 -0 9 -8 3 1 0 .7
105 0 4 -1 5 -8 3 1 1 .5
108 0 4 -1 8 -8 3 1 .1 5
108 0 4 -1 8 -8 3 1 .4 0
1 1 1 0 4 -2 1 -8 3 1 2 .7
117 0 4 -2 7 -8 3 2 6 .9 6 1
118 0 4 -2 8 -8 3 28 .2 6 7
119 0 4 -2 9 -8 3 3 .2 5 2 8 .9 0 4 1 4 .0
119 0 4 -2 9 -8 3 3 .4 5
1 2 0 0 4 -3 0 -8 3 2 3 .4 3 8
1 2 1 0 5 -0 1 -8 3 2 5 .2 3 3
1 2 2 0 5 -0 2 -8 3 1 .8  5 . 2 2 . 1 2 6 .4 8 6
124 0 5 -0 4 -8 3 2 5 .5 8 9 1 6 .7
126 0 5 -0 6 -8 3 2 5 .4 5 0
127 0 5 -0 7 -8 3 2 5 .1 5 0
128 0 5 -0 8 -8 3 2 8 .6 4 8
129 0 5 -0 9 -8 3 1 .5  7 . 0 2 .3 4 .1 3 27 .260
130 0 5 -1 0 -8 3 2 5 .8 7 5
131 0 5 -1 1 -8 3 2 5 .2 5 2
132 0 5 -1 2 -8 3 2 6 .1 9 1
133 0 5 -1 3 -8 3 26 .750
135 0 5 -1 5 -8 3 1 9 .3
136 0 5 -1 6 -8 3 1 .7 0
136 0 5 -1 6 -8 3 1 . 2  1 2 . 6 4 . 2 1 .7 5
137 0 5 -1 7 -8 3 1 6 .6 8 3
138 0 5 -1 8 -8 3 16 .8 7 6 1 7 .6
139 0 5 -1 9 -8 3 1 7 .1 6 9
140 0 5 -2 0 -8 3 1 4 .0 6 2
141 0 5 -2 1 -8 3 1 6 .9 1 5
142 0 5 -2 2 -8 3 16 .6 1 9
143 0 5 -2 3 -8 3 2 .4 0
143 0 5 -2 3 -8 3 1 . 4  7 . 0 2 .9 2 .5 0 16 .3 7 7
144 0 5 -2 4 -8 3 14.947
145 0 5 -2 5 -8 3 1 5 .7 3 5 1 9 .0
146 0 5 -2 6 -8 3 2 .3 5 1 6 .0 8 9
146 0 5 -2 6 -8 3 2 .8 5
—  m
no 2 no 3  TN
m g / l i t e r —
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DAY DATE SECCHI CHLO PHEO BOD SALINITY TEMP TP no 2 no 3 TN
147 0 5 -2 7 -8 3 15 .866
152 0 6 -0 1 -8 3 1 . 1 1 0 . 2 4 .1
153 0 6 -0 2 -8 3 1 3 .1 0 0 2 0 . 6
154 0 6 -0 3 -8 3 14 .458
157 0 6 -0 6 -8 3 . 1 . 4 6 . 4 2 . 4 1 .8 9
158 0 6 -0 7 -8 3 16 .203 2 1 . 2
159 0 6 -0 8 -8 3 1 . 2 15 .873
160 0 6 -0 9 -8 3 18 .443
161 0 6 -1 0 -8 3 15 .759
162 0 6 -1 1 -8 3 16 .050
163 0 6 -1 2 -8 3 2 .4 5 16 .181
163 0 6 -1 2 -8 3 2 .5 0
164 0 6 -1 3 -8 3 0 .9 7 .9 3 .1 1 6 .1 1 4
165 0 6 -1 4 -8 3 16.327
166 0 6 -1 5 -8 3 1 6 .2 8 4 2 4 .7
167 0 6 -1 6 -8 3 16 .4 5 2 .066 .006 .45
168 0 6 -1 7 -8 3 9 .8 5 .0 16 .3 0 9 .056 .003 .49
169 0 6 -1 8 -8 3 16 .2 4 2 .052 .006 .43
170 0 6 -1 9 -8 3 16 .4 0 2 .050 .003 .50
171 0 6 -2 0 -8 3 1 . 2 2 . 1 0 1 6 .2 4 2 .054 . 0 0 1 .53
172 0 6 -2 1 -8 3 16 .181 .123 .003 .46
173 0 6 -2 2 -8 3 17 .015 .036 .006 .42
174 0 6 -2 3 -8 3 16 .933 .0 6 4 .003 .62
175 0 6 -2 4 -8 3 9 . 4 4 .6 16 .007 2 6 .5 .056 .003 .47
176 0 6 -2 5 -8 3 15 .773 .0 4 4 . 0 0 1 .47
177 0 6 -2 6 -8 3 2 .9 5 15 .5 5 0 .052 . 0 0 1 .52
177 0 6 -2 6 -8 3 3 .0 0
178 0 6 -2 7 -8 3 1 . 2 8 .7 4 .7 15 .6 3 5 .046 . 0 0 0 .51
181 0 6 -3 0 -8 3 2 4 .7
182 0 7 -0 1 -8 3 3 .8 8
182 0 7 -0 1 -8 3 1 4 .9 8 . 4 3 .9 3
186 0 7 -0 5 -8 3 1 . 1 8 . 5 5 .5
187 0 7 -0 6 -8 3 2 6 .5
189 0 7 -0 8 -8 3 8 .3 5 .2
192 0 7 -1 1 -8 3 1 . 1
192 0 7 -1 1 -8 3 0 .9
194 0 7 -1 3 -8 3 18 .909 .089 . 0 1 0 .71
195 0 7 -1 4 -8 3 16 .851 .092 . 0 2 2 .69
196 0 7 -1 5 -8 3 2 6 .8 .056 .014 .78
197 0 7 -1 6 -8 3 .073 . 0 1 0 .67
198 0 7 -1 7 -8 3 .092 .015 .97
199 0 7 -1 8 -8 3 0 . 8 1 5 .1 4 .7 17 .0 6 9 .1 0 4 .016 . 8 8
2 0 0 0 7 -1 9 -8 3 17 .319 .068 . 0 1 0 . 6 6
2 0 1 0 7 -2 0 -8 3 1 8 .6 4 5 2 8 .2 .0 7 4 .006 .91
2 0 2 0 7 -2 1 -8 3 .089 . 0 1 1 .74
203 0 7 -2 2 -8 3 1 0 .4 5 .0 .103 .008 .72
204 0 7 -2 3 -8 3 .068 .006 .62
205 0 7 -2 4 -8 3 .078 .009 .72
206 0 7 -2 5 -8 3 0 .9 11 .7 4 . 2 19 .801 .077 .038 .92
207 0 7 -2 6 -8 3 . 1 1 1 .007 .74
208 0 7 -2 7 -8 3 2 0 . 0 9 6 . 0 0 2 .87






















































DATE SECCHI CHLO PHEO BOD SALINITY TEMP TP
0 7 -2 9 -8 3  5 4 .3  1 0 .3  .103
0 7 -3 0 -8 3  .078
0 7 -3 1 -8 3  .118
0 8 -0 1 -8 3  0 . 8  1 1 .1  3 . 8
0 8 -0 2 -8 3  2 .8 7
0 8 -0 2 -8 3  1 2 .4  4 . 4  3 .0 3  19 .1 2 6  .116
0 8 -0 3 -8 3  1 9 .3 5 8  .115
0 8 -0 4 -8 3  19 .5 7 6  2 7 .0  .099
0 8 -0 5 -8 3  3 .1 8  1 9 .7 9 4  .083
0 8 -0 5 -8 3  3 .3 8
0 8 -0 7 -8 3  2 0 ,3 9 1  .0 7 4
0 8 -0 8 -8 3  0 . 8  2 0 .4 8 9  .070
0 8 -0 9 -8 3  14 .7  4 .3
0 8 -1 0 -8 3  2 0 .7 7 1  2 8 .5  .083
0 8 -1 1 -8 3  2 0 .7 0 1  .089
0 8 -1 2 -8 3  1 5 .8  5 .7  2 0 .5 2 6  .087
0 8 -1 3 -8 3  2 0 .9 6 1  .087
0 8 -1 4 -8 3  2 1 .1 4 8  .078
0 8 -1 5 -8 3  0 .7  1 5 .1  5 .5  2 1 .2 7 2  .088
0 8 -1 6 -8 3  1 .8 0  2 1 .2 2 5  .080
0 8 -1 6 -8 3  1 .8 5
0 8 -1 7 -8 3  2 1 .2 4 3  2 6 .4  .0 7 4
0 8 -1 9 -8 3  4 .7  3 .0
0 8 -2 0 -8 3  2 1 .8 1 6  .058
0 8 -2 1 -8 3  1 .0  2 .8 0  20 .9 8 7
0 8 -2 1 -8 3  3 .0 5
0 8 -2 2 -8 3  2 0 .8 4 8  .068
0 8 -2 3 -8 3  2 0 .7 4 1  .128
0 8 -2 4 -8 3  0 .9  1 1 .3  5 .2  2 0 .4 4 6  .062
0 8 -2 5 -8 3  2 0 .3 3 6  .0 7 4
0 8 -2 6 -8 3  1 5 .1  3 . 8  2 .7 5  2 0 .1 2 8  2 6 .9  .050
0 8 -2 6 -8 3  2 .8 3
0 8 -2 7 -8 3  2 0 .1 0 3  .066
0 8 -2 8 -8 3  20 .0 8 1  .060
0 8 -2 9 -8 3  0 . 8  8 .7  3 . 4  2 0 .1 4 7  .060
0 8 -3 0 -8 3  8 . 4  4 . 8  2 0 .6 4 3  .054
0 8 -3 1 -8 3  2 .2 6  2 0 .7 4 1  .056
0 8 -3 1 -8 3  2 .3 2
0 9 -0 1 -8 3  2 0 .8 4 0  .0 5 4
0 9 -0 2 -8 3  6 . 8  5 .1  2 0 .8 9 9  .052
0 9 -0 3 -8 3  2 1 .3 0  2 7 .8  .054
0 9 -0 4 -8 3  2 1 .0 3  .056
0 9 -0 5 -8 3  0 .7  2 1 .0 0  .068
0 9 -0 6 -8 3  9 .7  3 . 8  2 1 .0 5  .054
0 9 -0 7 -8 3  2 1 .1 2  .087
0 9 -0 8 -8 3  2 1 .0 9  .069
0 9 -0 9 -8 3  1 0 .6  3 .2  2 .0 5  2 1 .1 0  2 8 .0  .115
0 9 -0 9 -8 3  2 .1 3
0 9 -1 0 -8 3  2 0 .9 5  .0 6 4
0 9 -1 1 -8 3  2 0 .9 8  .068
0 9 -1 2 -8 3  0 .7  2 0 .7 6  .085






















































DATE SECCHI CHLO PHEO BOD SALINITY TEMP TP
0 9 -1 4 -8 3 2 0 .9 4 .076
0 9 -1 5 -8 3 2 0 .9 1 .066
0 9 -1 6 -8 3 5 .5 1 . 6 2 1 .0 5 2 5 .6 .066
0 9 -1 7 -8 3 0 .7 7
0 9 -1 7 -8 3 0 .8 0
0 9 -1 9 -8 3 1 . 2
0 9 -2 0 -8 3 7 .5 2 . 8 2 1 .5 2 .068
0 9 -2 1 -8 3 0 .9 2 0 .9 5 .079
0 9 -2 2 -8 3 21 .1 5 9
0 9 -2 3 -8 3 0 . 8 1 3 .2 4 . 8 2 1 .3 3 8 .0 7 0
0 9 -2 4 -8 3 21 .166 .078
0 9 -2 5 -8 3 21 .4 3 7 .088
0 9 -2 6 -8 3 1 . 0 2 1 .6 3 2 .066
0 9 -2 7 -8 3 8 . 4 4 . 8 2 1 .6 5 1 .068
0 9 -2 8 -8 3 21 .7 6 1 .068
0 9 -2 9 -8 3 21 .8 2 7 2 0 .7 .0 6 8
0 9 -3 0 -8 3 21 .577
1 0 -0 1 -8 3 2 1 .5 7 7 .068
1 0 -0 2 -8 3 2 1 .5 3 3 .062
1 0 -0 3 -8 3 1 . 0 2 1 .1 4 5 .066
1 0 -0 4 -8 3 2 1 .4 3 0 .068
1 0 -0 5 -8 3 1 . 1 6 . 6 1 . 8 2 1 .4 3 0 .075
1 0 -0 6 -8 3 1 .2 6
1 0 -0 6 -8 3 1 .2 6
1 0 -0 7 -8 3 0 .9 1 1 . 2 4 . 4
1 0 -0 8 -8 3 2 1 .3 6 4 .056
1 0 -0 9 -8 3 2 1 .4 1 2 .072
1 0 -1 0 -8 3 1 . 1 7 .3 3 . 0 2 1 .4 1 5 .050
1 0 -1 1 -8 3 2 1 .5 5 9 .060
1 0 -1 2 -8 3 2 1 .5 8 4 .068
1 0 -1 3 -8 3 2 1 .5 4 8 .0 5 2
1 0 -1 4 -8 3 0 . 8 5 .0 3 .1 2 1 .2 2 8 .068
1 0 -1 7 -8 3 1 . 2
1 0 -1 8 -8 3 21 .2 0 6 2 0 . 0 .056
1 0 -1 9 -8 3 8 . 2 2 . 6 2 1 .1 9 2 .060
1 0 -2 4 -8 3 2 .9 2 . 4
1 0 -2 7 -8 3 1 6 .5
1 0 -2 8 -8 3 0 .9 2 1 .3 6 8 .066
1 0 -3 1 -8 3 1 . 1
1 1 -0 1 -8 3 2 1 .3 0 5 .058
1 1 -0 2 -8 3 1 .7 1 . 8 2 1 .4 0 1 .066
1 1 -0 3 -8 3 2 1 .4 0 4 1 5 .5 .060
1 1 -0 4 -8 3 1 .3 2 1 .5 4 0 .056
1 1 -0 5 -8 3 21 .691 .050
1 1 -0 6 -8 3 2 1 .7 2 8 .0 6 4
1 1 -0 7 -8 3 1 . 2 21 .831 .050
1 1 -0 8 -8 3 2 1 .8 0 5 .056
1 1 -0 9 -8 3 1 .7 2 . 8 1 . 0 2 1 .7 9 4 .050
1 1 -1 0 -8 3 2 1 .7 2 8 1 4 .3 .056
1 1 -1 1 -8 3 2 1 .9 3 0 .076
1 1 -1 2 -8 3 2 2 .0 6 3 .050
1 1 -1 3 -8 3 22 .0 9 6 .042
89
DAY DATE SECCHI CHLO PHEO BOD SALINITY TEMP TP no 2 no 3 TN
318 1 1 -1 4 -8 3 1 .9 2 .9 1 .5 2 2 .1 3 7 .040 .083 .55
319 1 1 -1 5 -8 3 2 2 .0 1 5 .042 .071 .49
320 1 1 -1 6 -8 3 0 .9 2 1 .8 6 0 .045 .078 .54
321 1 1 -1 7 -8 3 2 2 .1 9 9 .042 .076 .42
322 1 1 -1 8 -8 3 2 1 .9 0 1 1 1 . 8 .038 .077 .47
323 1 1 -1 9 -8 3 2 1 .6 6 5 .035 .081 .59
324 1 1 -2 0 -8 3 2 1 .9 9 3 .039 .071 .43
325 1 1 -2 1 -8 3 1 .4 1 .5 1 . 2 2 2 . 0 1 1 .041 .060 .41
326 1 1 -2 2 -8 3 2 2 .3 1 4 .041 .068 .39
327 1 1 -2 3 -8 3 2 2 .2 6 9 1 2 . 2 .042 .057 .3 4
328 1 1 -2 4 -8 3 2 2 .0 5 5 .041 .071 .45
329 1 1 -2 5 -8 3 22 .0 4 1 .042 .062 .34
330 1 1 -2 6 -8 3 2 1 .4 2 6 .054 .077 .34
331 1 1 -2 7 -8 3 2 0 .7 7 4 .045 .073 .48
332 1 1 -2 8 -8 3 1 .7 1 .3 1 . 0 2 0 .4 7 8 .041 .090 .52
333 1 1 -2 9 -8 3 2 0 .7 4 5 .035 .078 .56
334 1 1 -3 0 -8 3 2 1 .2 0 3 .049 .065 .39
335 1 2 -0 1 -8 3 2 0 .9 3 9 1 1 .5 .050 .072 .29
336 1 2 -0 2 -8 3 2 0 .7 4 9 .041 .070 .37
339 1 2 -0 5 -8 3 1 . 6 0 . 8 1 .4
340 1 2 -0 6 -8 3 2 0 .5 4 8 . 0 2 0 .050 .48
341 1 2 -0 7 -8 3 2 0 .1 5 8 .103 .073 .42
342 1 2 -0 8 -8 3 1 8 .9 0 2 .059 .093 .50
343 1 2 -0 9 -8 3 1 8 .7 1 4 .0 4 4 .081 .55
344 1 2 -1 0 -8 3 18 .837 .038 .081 .89
345 1 2 -1 1 -8 3 .034 .072 .42
346 1 2 -1 2 -8 3 1 . 2 1 . 2 3 .7 1 8 .9 7 4 .060 .068 .54
347 1 2 -1 3 -8 3 2 0 . 2 1 .032 .055 .34
348 1 2 -1 4 -8 3 1 9 .8 6 1 0 . 8 . 0 2 2 .054 .39
349 1 2 -1 5 -8 3 1 9 .26 .033 .071 .44
350 1 2 -1 6 -8 3 1 . 4 1 . 6 1 . 4 1 9 .0 7 .031 .068 .63
365 1 2 -3 1 -8 3 1 . 0 3 .2 1 .7
0 0 1 0 1 - 0 1 -8 4 17 .37 .030 .083 .59
0 0 2 0 1 - 0 2 -8 4 1 7 .5 3 .042 .081 .39
003 0 1 -0 3 -8 4 1 .5 2 .9 0 .7 1 7 .5 4 .040 .076 .43
004 0 1 - 0 4 -8 4 1 7 .6 5 2 .5 .034 .074 .30
005 0 1 -0 5 -8 4 1 8 .1 5 .034 .072 .31
006 0 1 -0 6 -8 4 1 7 .7 7 . 0 2 2 . 1 1 0 .42
007 0 1 -0 7 -8 4 1 8 .4 5 .049 .073 .39
008 0 1 - 0 8 -8 4 18 .41 .029 .076 .32
009 0 1 -0 9 -8 4 1 . 8 3 .6 0 .9 17 .77 .027 .079 .56
0 1 0 0 1 -1 0 -8 4 1 7 .0 6 .039 .068 .50
O i l 0 1 -1 1 -8 4 1 7 .1 8 .038 .076 .41
0 1 2 0 1 -1 2 -8 4 1 6 .5 5 2 . 8 .038 .073 .27
013 0 1 - 1 3 - 8 4 15 .61 .041 .091 .59
014 0 1 -1 4 -8 4 1 5 .8 8 .042 .098 .41
015 0 1 -1 5 -8 4 1 6 .0 9 .028 .078 .39
016 0 1 -1 6 -8 4 1 .5 3 .8 1 .3 1 5 .6 9 .037 .109 .43
017 0 1 -1 7 -8 4 1 5 .8 4 .027 .105 .56
018 0 1 -1 8 -8 4 16 .31 .030 .099 .29
019 0 1 -1 9 -8 4 16 .97 2 .5 .029 .091 . 6 6
023 0 1 -2 3 -8 4 1 . 2 6 .9 1 .5
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026 0 1 -2 6 -8 4 1 7 .1 1 2 . 8 .036 .105 .33
027 0 1 -2 7 -8 4 1 6 .9 1 .037 .088 .54
028 0 1 -2 8 -8 4 1 6 .6 2 .038 .105 .42
029 0 1 -2 9 -8 4 1 6 .3 4 .032 . 1 0 0 .38
030 0 1 -3 0 -8 4 1 .5 8 . 2 1 . 0 1 6 .27 .025 . 1 0 0 .35
031 0 1 -3 1 -8 4 16 .76 .034 .096 .41
032 0 2 -0 1 -8 4 17 .77 3 .0 .029 .065
033 0 2 -0 2 -8 4 16 .97 .031 . 1 0 2 .47
034 0 2 -0 3 -8 4 1 6 .1 6 .029 .103 .87
035 0 2 -0 4 -8 4 1 6 .71 .027 .082 .74
036 0 2 -0 5 -8 4 1 7 .2 9 .041 .133 .50
037 0 2 -0 6 -8 4 1 .3 1 0 . 2 1 .5
038 0 2 -0 7 -8 4 1 8 .2 4 .077 . 1 0 1 .56
039 0 2 -0 8 -8 4 17 .97 .029 . 1 1 0 .69
040 0 2 -0 9 -8 4 1 7 .27 .049 .109 .59
041 0 2 -1 0 -8 4 1 7 .1 6 4 .5 .0 3 4 . 1 0 0 .35
042 0 2 -1 1 -8 4 1 6 .3 4 .030 .118 .39
043 0 2 - 1 2 -8 4 1 6 .7 5 .027 .106 .33
044 0 2 -1 3 -8 4 16 .07 .028 . 1 0 1 .36
045 0 2 -1 4 -8 4 1 6 .3 6 .034 .074 .43
046 0 2 -1 5 -8 4 1 7 .0 3 6 . 5 .042 .063 .46
047 0 2 -1 6 -8 4 1 7 .8 0 .0 3 4 .063 .71
048 0 2 -1 7 -8 4 17 .63 .034 .070 .35
049 0 2 -1 8 -8 4 17 .81 .042 .051 .51
050 0 2 -1 9 -8 4 0 . 8 2 0 .7 3 . 6 1 7 .8 2 .038 .054 .56
051 0 2 -2 0 -8 4 17 .46 .042 . 0 2 0 .53
052 0 2 -2 1 -8 4 1 7 .2 8 .049 .027 .50
053 0 2 -2 2 -8 4 0 . 8 1 6 .8 4 . 8 1 6 .0 8 9 .8 .049 .028 .57
054 0 2 -2 3 -8 4 1 4 .08 .047 . 0 1 1 .51
055 0 2 -2 4 -8 4 1 5 .4 6 .094 .019 . 6 6
056 0 2 -2 5 -8 4 1 4 .8 3 .059 .029 .47
057 0 2 -2 6 -8 4 1 4 .5 8 .038 .046 .41
058 0 2 -2 7 -8 4 0 .5 2 4 .6 6 . 2 1 3 .1 4 .038 .055 .34
060 0 2 -2 9 -8 4 0 .7
061 0 3 -0 1 -8 4 15 .17 .053 .060 .41
062 0 3 -0 2 -8 4 0 .3 14 .81 7 .5 .042 .062 .41
063 0 3 -0 3 -8 4 1 5 .0 0 .047 .062 .53
064 0 3 -0 4 -8 4 14 .66 .041 .038 .51
065 0 3 -0 5 -8 4 1 . 1 2 1 . 2 2 .9 14 .56 .032 .023 .37
066 0 3 -0 6 -8 4 15 .11 .042 .039 .50
067 0 3 -0 7 -8 4 15 .27 .024 .050 .59
068 0 3 -0 8 -8 4 1 4 .9 8 7 . 8 .032 .036 .52
069 0 3 -0 9 -8 4 1 4 .8 4 .054 .030 .87
070 0 3 -1 0 -8 4 15 .37 .042 .052 .71
071 0 3 -1 1 -8 4 1 4 .21 .034 .027 .67
072 0 3 -1 2 -8 4 0 .9 1 6 .6 3 .1 1 5 .3 5 .032 .072 .45
076 0 3 -1 6 -8 4 0 .9 2 2 .5 1 . 8
077 0 3 -1 7 -8 4 15 .01 .045 .042 .74
078 0 3 -1 8 -8 4 1 5 .0 6 .056 .037 .62
079 0 3 -1 9 -8 4 1 . 0 •
CNCM
2 . 2 1 4 .97 .045 .024 .60
080 0 3 -2 0 -8 4 1 5 .1 0 .049 .031 .62
081 0 3 -2 1 -8 4 0 . 8 1 5 .1 0 .056 . 0 2 2 .64
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082 0 3 - 2 2 -8 4 1 5 .16 .0 6 4 .035 .71
083 0 3 -2 3 -8 4 1 6 .0 0 .056 .050 .7 4
084 0 3 - 2 4 -8 4 1 6 .2 4 .049 .035 .64
085 0 3 -2 5 -8 4 0 . 9 2 6 .6 1 . 0
086 0 3 - 2 6 -8 4 1 4 .7 4 .042 .014 .61
087 0 3 - 2 7 - 8 4 13 .37 .037 .014 .63
089 0 3 -2 9 -8 4 1 4 .03 .045 .017 .54
090 0 3 -3 0 -8 4 1 5 .0 3 .086 .031 .72
091 0 3 -3 1 -8 4 1 4 .4 9 .056 .035 .58
092 0 4 -0 1 -8 4 1 4 .5 4 .051 .050 . 6 8
093 0 4 -0 2 -8 4 0 . 6 6 2 .6 7 .6
1 0 0 0 4 - 0 9 -8 4 0 . 6 3 6 .7 7 .0
103 0 4 -1 2 -8 4 9 .9 5 .049 .037 . 6 6
104 0 4 -1 3 -8 4 0 .7 9 .7 1 .039 .042 .71
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VITA
Born in  S a i n t  C lo u d ,  M in n e s o ta ,  O c to b e r  2 2 ,  1 9 5 8 .  G r a d u a te  o f  
C a t h e d r a l  H igh  S c h o o l ,  S a i n t  C lo u d ,  M in n e s o ta ,  1 9 77 . G r a d u a te  o f  
S a i n t  J o h n ' s  U n i v e r s i t y ,  C o l l e g e v i l l e ,  M in n e s o ta ,  1 9 8 1 ,  B .S .  i n  
b i o l o g y .  E n t e r e d  t h e  V i r g i n i a  I n s t i t u t e  o f  M arin e  S c ie n c e  o f  t h e  
C o l l e g e  o f  W i l l i a m  and M ary, A u g u s t ,  1981 . G r a d u a te  a s s i s t a n t ;  
D ep a r tm en t  o f  I n v e r t e b r a t e  E c o lo g y ,  November, 1981 t o  F e b r u a r y ,  1983. 
G ra d u a te  a s s i s t a n t ;  D ep a r tm en t  o f  P h y s i c a l  O ceanography  and 
E n v i ro n m e n ta l  E n g i n e e r i n g ,  March 1983 u n t i l  t h e  p r e s e n t .
